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Executive Summary

The Navigant Consulting, Inc. team (the Navigant team) developed the 2013 Potential and Goals Study
to analyze energy and demand savings potential in the service territories of four of California’s investor-
owned utilities (IOUs) during the post-2014 energy efficiency (EE) portfolio planning cycle. This report
includes results for Pacific Gas and Electric (PG&E), Southern California Edison (SCE), San Diego Gas
and Electric (SDG&E), and Southern California Gas (SoCalGas). The primary product of the 2013
Potential and Goals Study is the Potential and Goals (PG) Model, which provides a single platform in
which to conduct robust quantitative scenario analysis that reflects the complex interactions among
various inputs and Policy Drivers.

ES.1 The Purpose of this Study

The Analysis to Update Energy Efficiency Potential and Goals for 2013 and Beyond is a statewide assessment
of energy efficiency potential,’ which considers key policy mechanisms that the State is employing to
drive the energy efficiency market. It serves several important roles in the state regulatory framework:

1. To provide guidance for the utilities” 2015 energy efficiency portfolios?

2. To update the forecast for energy procurement planning?

3. To inform strategic contributions to California’s greenhouse gas reduction targets*

4. Toinform the development of benchmarks for Efficiency Savings and Performance Incentives?

The 2013 Potential and Goals Study updates and expands upon Track 1 of the Analysis (referred to as
the “2011 Potential Study”) by addressing the following research questions:

! Navigant. May 8, 2012. Analysis to Update Energy Efficiency Potential and Targets for 2013 and Beyond, Track 1
Statewide Investor Owned Utility Energy Efficiency Potential Study. Prepared for California Public Utilities
Commission (CPUC).
2 The energy efficiency goals were first adopted in Decision D.04-06-090 to set the benchmark that the IOU energy
efficiency programs were expected to achieve. The goal-setting process set a framework for the program planning
cycle, determining the targets for utility energy efficiency program portfolio performance.
3 As the Energy Action Plan established energy efficiency as first in the loading order, the state must adopt a long-
term benchmark that can be used in utility energy procurement planning. The IOUs’ energy efficiency goals adopted
from this study will be incorporated into the California Energy Commission’s (CEC) Integrated Energy Policy Report
(IEPR), which establishes the demand forecast for long-term procurement planning. This forecast is an input into the
CPUC’s Long Term Procurement Planning proceeding, which determines the generation resources that energy
efficiency is expected to offset in order to minimize costs to ratepayers.
4 The California Global Warming Solutions Act of 2006 (Assembly Bill [AB] 32) relies on intensified energy efficiency
efforts across California. The California Air Resources Board’s Scoping Plan for AB 32 establishes a statewide energy
efficiency target for the year 2020.
5 The Efficiency Savings and Performance Incentive is considered in R.12-01-005.and can be found at
http://delapsl.cpuc.ca.gov/CPUCProceedingl.ookup/f?p=401:56:809728160393201::NO:RP,57,RIR:P5 PROCEEDING
SELECT:R1201005.
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»  What additional incremental potential can be quantified from the policy initiatives implemented
from the California Energy Efficiency Strategic Plan, and by other statewide policies such as
Assembly Bill (AB) 758?

»  What additional quantifiable potential may be available from emerging technologies that has not
been included in past portfolios or in the 2011 Potential Study?

»  How can the methodology to quantify EE potential for the agricultural, industrial, mining, and
street-lighting (AIMS) sectors be refined to use existing market data?

The Navigant team calculated potential energy efficiency savings for the 2013 Potential Study using a
similar modeling methodology as the previous potential studies used to establish goals starting in 2004,
and updated in 2008 and 2011. This methodology uses a bottom-up approach to identify and quantify
the savings of all energy efficiency “measures”, which are any possible change that can be made to a
building, equipment or process that could save energy. The PG Model calculates the possible energy
savings available above a baseline that is determined by a regulatory (i.e., code or standard) or market
driver.

Consistent with the 2011 Potential Study, the 2013 Potential and Goals Study forecasts energy efficiency
potential on three levels, as illustrated in Figure ES-1.

1. Technical Potential Analysis: Technical potential is defined as the amount of energy savings
that would be possible if the highest level of efficiency for all technically applicable
opportunities to improve energy efficiency were taken, including retrofit measures, replace-on-
burnout measures, and new construction measures.

2. Economic Potential Analysis: Using the results of the technical potential analysis, the economic
potential is calculated as the total energy efficiency potential available when limited to only cost-
effective measures.® All components of economic potential are a subset of technical potential.
The technical and economic potential represent the total energy savings available each year that
are above the baseline of the Title 20/24 codes and federal appliance standards.

3. Market Potential Analysis: The final output of the potential study is a market potential analysis,
which calculates the energy efficiency savings that could be expected in response to specific
levels of incentives and assumptions about market influences and barriers. All components of
market potential are a subset of economic potential. Some studies also refer to this as “maximum
achievable potential.” Market potential is used to establish the utilities” energy efficiency goals,
as determined by the California Public Utilities Commission (CPUC).

¢ The default scenario for this study includes all non-emerging technologies with a total resource cost (TRC) test of
0.85 or greater; emerging technologies are included if they meet a TRC of 0.75 in a given year and achieve the TRC
for non-emerging technologies (0.85) within ten years of market introduction.
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Figure ES-1. Diagram of Types of Energy Efficiency Potential

Technical Potential

Economic Potential

Market
Potential

Source: Navigant team, 2011 Potential Study

Market potential can be quantified by three different approaches, which each serve separate needs and
provide necessary perspectives.

1. Incremental savings represent the annual energy and demand savings achieved by the set of
programs and measures in the first year that the measure is implemented. It does not consider
the additional savings that the measure will produce over the life of the equipment. A view of
incremental savings is necessary in order to understand what additional savings an individual
year of EE programs will produce. This has been the basis for IOU program goals.

2. Cumulative savings represent the total savings from energy efficiency program efforts from
measures installed since 2006”7 and including the current program year, and are still active in the
current year. It includes the decay of savings as measures reach the end of their useful lives.
Cumulative savings also account for the timing effects of codes and standards that become
effective after measure installation. This view is necessary for demand forecast, but creates
challenges in accounting for IOU program goals.

3. Life-cycle savings refer to the expected trajectory of savings from an energy efficiency measure
(or portfolio of measures) over the estimated useful life of the measure(s), taking account of any
natural decay or persistence in performance over time. Whereas cumulative savings are a
backward look at all measures installed in the past that are producing current savings, life-cycle
savings accounts for all future savings from measures installed in the current year. Life-cycle

7 Part of the calibration process for any potential model involves reviewing historic program data to assess various
market characteristics such as measure saturation, incentive levels, and adoption patterns. This model is calibrated
on program reported data from 2006 through 2011, and savings estimates for the 2013-2014 program cycle. As such,
2006 is the beginning of the calibration period.
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savings is used in the cost-effectiveness evaluations and may be an appropriate basis for IOU
program goals.

A large number of variables drive the calculation of market potential. These include assumptions about
the manner in which efficient products and services are marketed and delivered, the level of customer
awareness of energy efficiency, and customer willingness to install efficient equipment or operate
equipment in ways that are more efficient. The Navigant team used the best available current market
knowledge and followed these guidelines in developing the recommended market potential:

1. Provide a view of market potential where data sources and calculation methods are transparent
and clearly documented.

2. Avoid assumptions and model design decision that would establish goals and targets that are
aspirational, but for which the technologies or market mechanisms to attain these goals may not
yet be clearly defined.

With these precepts in mind, the Navigant team considers that the market potential presented in this
study is a viable target for energy efficiency to which load forecasters, system planners, and resource
procurement specialists could agree. However, this study may not capture the upper bound on the total
amount of energy efficiency that can be achieved. There may be additional energy savings to capture,
particularly from systems efficiency and behavior change, which could not be reliably quantified based
on past evaluation results available at the time of this study.

ES.2 Findings

This section discusses two high-level findings of the results of the analysis. Section 5 includes a more
detailed set of overarching findings.

ES.2.1 Total Technical and economic potential increased from the 2011 Potential Study as a result of
the new measures and methodologies included in the 2013 Potential and Goals Study

Technical and economic potential are about 50 percent higher than reported in the 2011 Potential Study,
as seen in Figure ES-2. This increase is primarily driven by a change in the approach to modeling
technical and economic potential. The approach to modeling technical potential used in the 2013
Potential and Goals Study demonstrates a best-case scenario for technical potential given what is known
about the market today. Due to barriers such as payback considerations or split incentives, it is unlikely
that all customers would replace baseline equipment with the most efficient technology in a competition
group, but technical potential is intended to represent the savings possible if all technically available
changes were made. This change was made to expand our view of potential from emerging technologies.

The 2013 Potential and Goals Study defines technical potential by the most efficient equipment option
within a competition group. The technical and economic potential in the 2011 Potential Study was
calculated based on the efficiency level of the measure that was most commonly adopted in IOU
programs. For example, the 2011 model would assess technical potential for residential heating,
ventilation, and air-conditioning (HVAC) based on the average efficiency being installed through IOU
programs, such as a Seasonal Energy Efficiency Ratio (SEER) 15 HVAC unit. In comparison, the 2013
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Study calculates the potential for all residential HVAC units to be replaced by SEER 22 machines, the
most efficient equipment currently visible on the market. Figure ES-3 provides a similar comparison of
capacity potential between the 2011 and 2013 studies.

Figure ES-2. Comparison of Technical, Economic, and Cumulative Market Potential in the 2011 and
2013 Studies (GWh)
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Source: PG model release February 2014
Note: 2013 Cumulative Potential includes behavioral savings and C&S savings to make a consistent comparison with the
2011 results.
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Figure ES-3. Comparison of Technical, Economic, and Cumulative Market Potential in the 2011 and

2013 Studies (MW)
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ES.2.

Source: PG model release February 2014
Note: 2013 Cumulative Potential includes behavioral savings and C&S savings to make a consistent comparison with the
2011 results.

2 Gap between economic and cumulative market potential indicates that there are additional
savings opportunities not being captured by current adoption patterns.

The trajectory of cumulative market potential toward economic potential in Figure ES-2 indicates the
degree to which the market, using IOU program incentives and financing, is expected to capture the
available potential of cost-effective energy efficiency.

The cumulative market potential shown in Figure ES-2 includes voluntary adoption of energy efficient
measures due to rebates and behavior-based initiatives from the 2011 and 2013 models. This definition of
cumulative market potential does not include savings from codes and standards (C&S) that are
attributable to IOUs. In addition, cumulative market potential excludes savings from energy efficiency
financing programs because those programs are still in the pilot phase. Estimates of savings from
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financing programs will be better informed by more evaluation data and by more information about the
structure of the programs in future program cycles. Considering savings due to financing separately
from the cumulative market potential shown in Figure ES-2 enables policy makers and stakeholders to
explicitly consider the effects of these factors on the estimated savings; Section 5.3 includes a discussion
about the additional potential that could be realized by financing programs.

As shown in Figure ES-2, cumulative market potential in the base forecast achieves approximately 64
percent of the revised technical potential by 2024. This market potential estimate in 2024 is roughly 16
percent higher than the 2011 model estimate due to two initiatives that expanded adoption rates:

1. An expanded set of emerging technologies for which market adoption is expected to be
moderately aggressive

2. Anincremental gain in the adoption of energy efficiency through whole-building project
delivery, including both retrofit and zero net energy new construction initiatives

At the sector level, the commercial sector will continue to drive savings for IOU programs as shown in
Figure ES-4. The anticipation of continued higher market barriers for residential sector adoption of
energy efficiency limits the adoption of emerging technologies in the residential sector, limiting its
contribution as codes and standards increase baselines. The industrial sector incremental market
potential is about the same as reported in the 2011 Potential Study, whereas agricultural incremental
market potential increased by nearly 40 percent based on refinements in the forecasting methodology
and improved data. Mining and street lighting represent significant cumulative market potential as a
fraction of their sector demand forecasted by the California Energy Commission (CEC) (20 percent and
45 percent, respectively, in 2024).
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Figure ES-4. Incremental Annual Market Potential by Sector
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Source: PG model release February 2014

ES.3 Goals and Targets Scenarios

The modelling tools developed and research conducted for this report are intended to support various
policy making activities, including;

1. To provide guidance for the utilities” 2015 energy efficiency portfolios including goals for the
post-2014 energy efficiency portfolios, being considered under Rulemaking 13-11-005%;

2. To update the forecast for energy procurement planning, such as informing planning
assumptions and scenarios for use in the CPUC 2014 long-term procurement plan proceeding
and CAISO 2014-2015 transmission planning process ° or providing additional achievable energy
efficiency (AAEE) scenarios for the 2013 IEPR update!S;

8 Administrative Law Judge’s Ruling Regarding Post 2014 Energy Efficiency Goals, Order Instituting Rulemaking
Concerning Energy Efficiency Rolling Portfolios, Policies, Programs, Evaluation, and Related Issues. Rulemaking
13-11-005

% ‘Planning Assumptions and Scenarios for use in the CPUC 2014 Long-Term Procurement Plan Proceeding and
CAISO 2014-15 Transmission Planning Process’ at
http://www.cpuc.ca.gov/PUC/energy/Procurement/LTPP/Itpp history.htm

10 California Energy Commission 2013 Integrated Energy Policy Report. Final Lead Commissioner Report CEC-100-
2013-001-LCF, December 2013
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3. To inform strategic contributions to California’s greenhouse gas reduction targets, including
scenarios to help inform various greenhouse gas modelling initiatives such as the California
Greenhouse Gas Inventory Spreadsheet (GHGIS) Model developed by Lawrence Berkeley
National Laboratory!, and

4. To inform the development of benchmarks for Efficiency Savings and Performance Incentive
such as the framework for an incentive mechanism to promote EE goals as discussed in Decision
13-09-023"2.

To provide adequate insight and support for these activities, the Navigant team built a modeling
platform that allowed multiple scenarios to be run, allowing exploration of various policy initiatives. As
discussed in greater detail in sections 3.3.4 and 3.3.5, the PG model accomplishes this objective; however,
the default scenario presented in this report is based on population, consumption, and economic inputs
defined in the mid-case of the California Energy Commission's 2012 Integrated Energy Policy Report
(IEPR). For the purposes of setting IOU goals, Navigant team developed two alternate scenarios to
estimate potential in the PG Model: The High Energy Efficiency Penetration and the Low Energy
Efficiency Penetration scenarios. These scenarios present a range of possible results based on the
population, consumption, and economic inputs defined in the high and low energy demand forecasts in
the 2012 IEPR, and also different assumptions for a set of variables that either have uncertainty
associated with them or that the CPUC can influence through policy making. Table ES-1 includes a
description of the variables for which the assumed values change during scenario analysis.

11 Estimating Policy-Driven Greenhouse Gas Emissions Trajectories in California: The California Greenhouse Gas
Inventory Spreadsheet (GHGIS) Model, Jeffery B. Greenblatt. Energy Analysis and Environmental Impacts
Department, Environmental Energy Technologies Division, Lawrence Berkeley National Laboratory, Berkeley, CA
94720, November 2013. http://eetd.lbl.cov/sites/all/files/lbnl-6451e.pdf

12 Decision 13-09-023, Decision Adopting Efficiency Savings and Performance Incentive Mechanism. Date of Issuance

9/11/2013 at http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M076/K775/76775903.PDFE
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The PG model is also used to forecast energy efficiency savings in the 2013 IEPR demand forecast. The

Additional Achievable Energy Efficiency scenarios are further discussed on page 76.

Table ES-1. Definition of Variables Used in Scenario Analysis

Scenario Element

Incentive Level

Measures Cost Adjustment

Implied Discount Rate

Marketing, Education and
Outreach Effect

TRC Threshold

Avoided Costs

Measure Density Adjustment

Measure UES Adjustment
Retail Price Forecast

Word-of-Mouth Effect

Building Stock Forecast

ET TRC Threshold

C&S Scenario Name

The incentive level refers to the percent of incremental cost that is covered by IOU
program rebates.

The incremental costs for efficient technologies are from DEER 2008. Due to their
vintage, the multiplier varies incremental costs across all technologies to account for
changes over time.

The implied discount rate is the effective discount rate that consumers apply when
making a purchase decision; it is the amount the customer is willing to pay for an EE
investment, given all factors in the consumer’s decision.

The marketing, education, and outreach (ME&O) effect moves customers from the
unaware group to the aware group.

The TRC Threshold element varies the cost-benefit threshold that general measures
must meet.

The avoided costs are the monetary benefit of energy and demand savings for a
specific EE measure.

Measure densities refer to the baseline and efficient measure densities. By modifying
one of these for a given measure, the other is automatically updated in order to ensure
that the sum of baseline and efficient measure densities is one.

UES are less certain for ETs. The multiplier allows the user to examine the effects of
varying the calculated UES for ETs.

The retail rates are the projected energy rates to the ratepayer.

The word-of-mouth effect represents the influence of adopters (or other aware end
users) on the unaware population by informing them of efficient technologies and their
attributes.

The building stocks forecast is based on the expected development of each sector.
The ET TRC Threshold varies the cost-benefit threshold that emerging technology
measures must meet.

The C&S Scenario Name refers to the types of C&S included in each scenario.

Note: The PG model allows the user to adjust the value of any one or all of these user inputs.
The values used for each of these scenario elements in each scenario can be found in Section 3.

Source: Navigant team analysis, 2013.

The Mid-Energy Efficiency Penetration scenario is intended to reflect the potential under business-as-
usual circumstances. The incentive level, Total Resource Cost (TRC) threshold, avoided costs, measure-
level data, and other variables use data that are consistent with current policies and program designs
and widely accepted data sources. The Low and High Energy Efficiency Penetration scenarios adjust the
inputs to reflect potential in the event that those underlying assumptions change. Figure ES-5 captures
the results of these three scenario analyses for all sectors and all IOUs.
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Figure ES-5. Results of Scenario Analysis
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Source: PG model release February 2014

Note: This chart shows the High, Mid, and Low scenarios for the cumulative market potential; technical and economic
potential are also adjusted in the High and Low scenarios, but those adjustments are omitted from this graph for
simplicity.

In the case of the High Energy Efficiency Penetration scenario, the values for the variables are adjusted to
consider a more optimistic future, one in which incentive levels and avoided costs are higher and the
financial attractiveness of measures is better (in addition to other changes). The Low Energy Efficiency
Penetration scenario includes assumptions that make investment in energy efficiency less favorable. The
High Energy Efficiency Penetration scenario represents approximately a 25 percent increase while the
Low Energy Efficiency Penetration scenario represents roughly a 25 percent decrease in cumulative
market potential by 2024 relative to the Mid-Energy Efficiency Penetration scenario.
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Figure ES-6 shows the relative importance of several model inputs on the range of market potential from
the scenarios presented in Figure ES-5. This “tornado chart” was developed by varying one input
assumption at a time, leaving the values of all other variables consistent with those in the Mid-Energy
Efficiency Penetration scenario. The x-axis in the tornado chart shows the percent change in cumulative
market potential in a specific year caused by changing the value of that single variable from the Mid to
the High scenario (in red) or the Mid to the Low scenario (in purple). The variables with the bigger bars
have a more significant impact on the results of the analysis.

Figure ES-6. Tornado Chart Showing Model Sensitivities to Changes in Key Variables
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Note: This chart shows results for the Commercial sector; results in the Residential sector are similar.
Source: PG model release February 2014

The model shows that two types of variables have significant effects on the potential for energy
efficiency:

1. Technical inputs. The accuracy of technical inputs is out of the control of policy makers, except
to the extent that policy makers dedicate additional resources to studies that improve the
accuracy of these values. Examples of technical inputs include incremental cost, avoided costs,
and measure density.’® The Navigant team used well-vetted sources (e.g., Database for Energy
Efficiency Resources [DEER] 2008 and 2011, Commercial End Use Study, and Residential
Appliance Saturation Study) to determine appropriate values for these, but future values may
not align with these historical values.

13 Historically, DEER updates have focused more resources on energy savings calculations than on incremental
costs; consequently, the incremental cost data may be outdated. Avoided costs may change as the key inputs change.
The studies that provide measure density data are dated; for example, the Commercial End-Use Survey was
released more than seven years ago.
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2. Policy variables. Policy makers can affect the value of other variables (e.g., TRC threshold,
incentive level). The two policy variables that have the most impact on results are as follows:

a. Incentive level. The Low Energy Efficiency Penetration scenario includes an incentive for 25
percent of incremental cost for all measures. The High Energy Efficiency Penetration
scenario considers an incentive structure in which the incentives vary by stage of market
adoption. Rebates can also scale depending on measure saturation. For example, for
measures with up to 5 percent saturation are at 100 percent of incremental cost; for measures
with 5 to 25 percent saturation are at 90 percent of incremental cost; for measures with 25 to
75 percent saturation are at 75 percent of incremental cost; for measures with more than 75
percent saturation are at 50 percent.

b. TRC threshold. The Low Energy Efficiency Penetration scenario assumes a TRC threshold
of 0.75, compared to 0.85 in the Mid-Energy Efficiency Penetration scenario and 1.0 in the
High Energy Efficiency Penetration scenario.

The values provided in the high and low scenarios provide a reasonable range of cumulative energy
efficiency potential; however, the likelihood that the inputs that define the high and low scenario would
align over the ten-year forecast horizon is doubtful. ~Finally the potential model informs many different
types of objectives, each with a different technical or temporal requirement. Modeling parameters will
vary depending on the forecast use and Error! Reference source not found. provides a summary of the
types of forecasts the potential model currently supports, and the settings and outputs that are most
appropriate for these applications. For example, CAISO", CEC, and LTPP' tend to use additional
achievable energy efficiency (AAEE) scenarios which are based on net savings assumptions, while IOU
goals and input in CARB AB32 tracking'® have been set using the report mid case, uses gross savings
values.

14 Letter to Senators Padilla and Fuller at http://www.cpuc.ca.gov/NR/rdonlyres/2D097AAD-5078-47E9-A635-
1995668F34B7/0/Padilla_Fullerletter 13114.pdf

15 Planning Assumptions and Scenarios for use in the CPUC 2014 Long-Term Procurement Plan Proceeding and CAISO 2014-15
Transmission Planning Process, Attachment 2014 LTPP TPP AS 12-11-2013.

16 Estimating Policy-Driven Greenhouse Gas Emissions Trajectories in California: The California Greenhouse Gas
Inventory Spreadsheet (GHGIS) Model. Energy Analysis and Environmental Impacts Department Environmental
Energy Technologies Division Lawrence Berkeley National Laboratory. Jeffery B. Greenblatt. Berkeley, CA
November 2013
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Stakeholder

Application

Model Scenario

IOU Rebate/Finance Programs

Codes and Standards

Behavioral Initiatives

Table ES-2. Potential Model Usage

I0Us

2015 Goals

Report Mid
Case

Gross

Net IOU
Attributable

Gross

LTPP

Incremental
or ‘Managed’
forecast

Various

AAEE
scenarios

TBD

TBD

NA

Local
studies

AAEE Mid-
low

Net

Total Net
10U
Service
Territory

NA

CAISO
2014-2015
system-wide
and flexibility
studies

AAEE Mid

Net

Total Net IOU
Service
Territory

NA

CEC/IEPR

Scenario
analysis

Various
AAEE
scenarios

Net
Total Net
[0]0]

Service
Territory

NA

CARB / AB32

The California
Greenhouse Gas
Inventory
Spreadsheet
(GHGIS) Model

Report Mid Case

Gross

Net IOU
Attributable

Gross

ES.4 Goals Recommendations

Table ES-3, Table ES-4, and Table ES-5 provide the annual incremental market potential forecast for
California’s IOUs for 2015 through 2024 for energy and demand. These values are not intended to define
the upper bound on the total amount of energy efficiency that can be achieved during upcoming
portfolio cycles, but serve as a viable baseline forecast for energy efficiency to which program planners,

load forecasters, system planners, and resource procurement specia lists.

Table ES-3. Recommended IOU Baseline Program Energy Target Inputs from the 2013 Potential
Model (Annual Incremental GWh)

1(0)8)
Source
& 10U

Year Programs
2015 702
2016 712
2017 710
2018 551
2019 590
2020 644
2021 695
2022 760
2023 802
2024 846

Net
C&S

283
414
324
293
284
270
228
202
162
149

10U
Programs

708
734
708
541
591
654
713
756
816
866

Net
C&S

292
427
334
302
293
279
235
209
167
163

10U
Programs

194
191
182
134
154
166
180
204
211
220

Net 10U

C&S | Programs
66 1,604
97 1,637
76 1,600
69 1,227
66 1,335
63 1,463
53 1,589
47 1,720
38 1,829
35 1,932

Net

(O A Total
640 2,244
937 2,574
734 2,335
664 1,890
644 1,979
613 2,076
517 2,105
458 2,178
366 2,195
337 2,268

Source: PG model release February 2014
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Table ES-4. Recommended IOU Baseline Program Demand Target Inputs from the 2013 Potential
Model (Annual Incremental MW)

Source
& Year

2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

10U
Programs

110
113
118
96
103
113
123
135
145
155

Net
C&S

44
85
56
54
54
53
48
46
41
40

10U
Programs

115
121
119
96

107
118
129
139
151
162

Net
C&S

46
87
58
56
55
54
50
47
43
41

10U
Programs

33
33
31
25
28
30
33
37
39
41

Net
C&S

10
20
13
13
13
12
11
11
10

10U
Programs

257
266
268
218
238
262
285
311
335
358

Net

C&S

100
192
127
123
122
119
109
103
94
90

Total
358
458
395
340
359
381
394
415
429
447

Source: PG model release February 2014

Table ES-5. Recommended IOU Baseline Program Energy Target Inputs from the 2013 Potential
Model (Annual Incremental MMTherms)

Source
& Year

2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

10U
Programs

14.3
14.7
14.7
18.0
18.8
19.7
20.4
213
219
22.5

Net
C&S

1.1
2.7
3.3
3.9
4.1
42
3.8
3.7
3.6
3.6

10U
Programs

21.3
219
21.7
22.2
22.7
235
24.3
25.1
25.8
26.7

Net
C&S

1.7
43
5.3
6.2
6.6
6.7
6.0
59
5.8
5.7

10U
Programs

26
26
)
3.3
3.7
3.9
4.1
45
47
4.8

Net
C&S

0.1
0.3
0.4
0.4
0.5
0.5
0.4
0.4
0.4
0.4

10U
Programs

38.2
39.2
39.0
435
45.1
471
48.9
50.8
52.4
54.1

Net
C&S

3.0
7.3
9.1
10.5
11.2
1.3
10.2
10.0
9.9
9.7

Total
412

46.5
48.0
54.0
56.3
58.4
59.1
60.8
62.3
63.8

Source: PG model release February 2014
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For the purpose of near establishing goals for the 2015 IOU EE portfolio, the Navigant team recommends
that the values from the mid scenario shown in preceding tables be adjusted for the following items;

1. The potential for street lighting as presented in the potential model for 2015 should be reduced
by 18.5 GWh so that the utility goals for streetlighting are based only on customer owned
streetlights, and exclude potential for IOU owned streetlights. Table ES-6 provides the
adjustments to be applied to the market potential estimates for 2015 provided in Table ES-3.
There are no peak demand savings associated with streetlighting.

2. The potential model estimates for 2015 SDG&E residential and commercial whole building
activity is inconsistent with that utilities whole building activity in recent years. The market
potential estimates for 2015 provided in Tables ES-3, ES-4, and ES-5 should be reduced by the
GWh, MW, and MMTherm values provided in Table ES-6. It is expected that this deferred
market potential will be recovered during the 2016 though 2019 time frame.

Table ES-6. Adjustments to Annual Incremental Market Potential Model Outputs for 2015 IOU Goals

Value GWh MW MMThm
Incremental annual market potential for 2015 2,244 1 357.6 41.2
Adjustment for SDG&E whole building activity -20.6 -3.5 -0.3
Adjustment removing IOU owned streetlights -20.3 NA NA
Adjusted incremental annual market potential for 2015 2,203.2 354 .1 40.9

With these adjustments applied to the 2015 market potential values, Table ES-7 provides the
recommended goals for the IOUs 2015 EE portfolio and includes three components;

1. The IOU program savings goals are the gross incremental annual targets that apply to voluntary
customer participation programs;

2. The IOU code advocacy savings goals are the gross incremental annual targets that apply to past
IOU advocacy work in helping to establish mandatory (code and standard) customer
participation programs;

3. Non-IOU owned streetlighting savings goals reflect the gross incremental annual savings to be
achieved through IOU initiatives targeting customer owned streetlights and outdoor signage.
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Table ES-7. Recommended 2015 Program Year Annual Gross Incremental Market Goals

201.5. 2015 peak AL
Utility electrlclty savings natur'al gas
savings (MW) savings
(GWh/yr) (MMT/yr
PG&E
IOU program savings goal 687.0 110.2 14.3
10U code advocacy savings goal 282.6 44.2 1.1
Customer/Non-IOU owned streetlighting savings goall 10.9 - -
Total Goals 980.5 154.4 15.4
SCE
IOU program savings goal 688.0 114.6 -
10U code advocacy savings goal 291.5 45.6 -
Customer/Non-IOU owned streetlighting savings goall 3.5 - -
Total Targets 983.0 160.1 -
SCG
IOU program savings goal - - 21.3
10U code advocacy savings goal - - 1.7
Customer/Non-IOU owned streetlighting savings goal - - -
Total Targets - - 23.0
SDG&E
10U program savings goal2 172.7 29.2 2.3
IOU code advocacy savings goal 66.1 10.3 0.1
Customer/Non-IOU owned streetlighting savings goall 0.9 - -
Total Targets 239.7 39.6 2.5
Total Statewide Targets 2,203.2 354.1 40.9
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Tables ES-8 and ES-9 present a comparison of the proposed and recent IOU EE goals and reflect several
changes over goals established for the 2013-2014 IOU portfolio', including;

1. The recommended 2015 PG&E GWh goal increased as a result of an increase in potential
associated with whole building activity, and also from an adjustment in model calibration that
provides a more accurate assessment of the potential for commercial lighting than was forecast
in the 2011 potential model used to establish the 2013-2014 PG&E goal.

2. The recommended 2015 PG&E natural gas goal has been reduced from 2013-2014 goals to
account for industry standard practices (ISP) in the industrial, mining, and agricultural sectors.
Measures considered industry standard practices are not considered market potential for IOU
program goals and are therefore removed from market potential. PG&E has greater exposure to
ISP related reductions in the mining and agricultural sectors than does SCG.

Table ES-8. Recent and Proposed Electricity EE Goals

PG&E SCE SDG&E
2013-15 Electric Goals 2013 2014 2015 | 2013 | 2014 | 2015 | 2013 | 2014 | 2015
Annual electricity savings (GWh)
IOU program targets 599.3 5933 | 6979 | 659.9 | 678.5 | 691.5 | 162.3 | 1555 | 173.6
Codes and Standards Advocacy 276.4 2619 | 2826 | 2851 | 2701 | 2915 | 64.7 61.3 66.1
Total Annual Goals 875.8 855.2 | 980.5 | 945.0 | 948.6 | 983.0 | 227.0 | 216.8 | 239.7
Annual peak savings (MW)

IOU program targets 114.4 1005 | 1102 | 1494 | 1435 | 1146 | 36.3 327 29.2
Codes and Standards Advocacy 36.1 38.3 442 372 | 395 | 456 8.4 9.0 10.3
Total Peak Savings Goals 150.4 138.8 | 1544 | 186.6 | 183.0 | 160.1 | 44.7 41.6 39.6

Table ES-9. Recent and Proposed Natural Gas EE Goals

PG&E SCG SDG&E
2013-15 Gas Goals 2013 2014 | 2015 | 2013 | 2014 | 2015 | 2013 2014 | 2015

Annual natural gas savings (MMT)

I0U program targets | 210 | 203 | 143 | 240 | 23 | 213 | 22 | 21 | 23
Codes and Standards Advocacy | 11 | 16 | 14 | 18 | 25 | 17 | o1 | 02 | o4
Total Annual Goals | 221 | 218 | 154 | 258 | 249 | 230 | 23 | 23 | 25

17 Decision Providing Guidance on 2013-2014 Energy Efficiency Portfolios and 2012 Marketing Education, and
Outreach. Decision 12-05-015. CPUC, May 10, 2012
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1 Introduction

The Navigant Consulting, Inc. team (the Navigant team) developed this study (“2013 Potential and
Goals Study”) to analyze energy and demand savings potential in the service territories of four of
California’s investor-owned utilities (IOUs) during the post-2014 energy efficiency (EE) portfolio
planning cycle. This report includes results for Pacific Gas and Electric (PG&E), Southern California
Edison (SCE), San Diego Gas and Electric (SDG&E), and Southern California Gas. A key component of
the 2013 Potential and Goals Study is the Potential and Goals (PG) Model, which provides a single
platform in which to conduct robust quantitative scenario analysis that reflects the complex interactions
among various inputs and Policy Drivers.

The 2013 Potential and Goals Study supports several parallel and related efforts:

»  The primary purpose of the 2013 Potential and Goals Study is to support the California Public
Utilities Commission’s (CPUC’s) determination of policy goals and energy savings targets for
the IOUs’ post-2014 energy efficiency programs. The 2013 Potential and Goals Study will
support analytical efforts that lead to the establishment of those goals, including scenario and
sensitivity analysis on key variables. Other users include the IOUs and stakeholders involved in
the proceeding.

»  The 2013 Potential and Goals Study will develop outputs to inform one component of the
California Energy Commission’s (CEC’s) demand forecast for the post-2014 time period. The
relevant output will be the energy efficiency and demand forecasts by IOU service territory by
sector.

» As an added feature, the 2013 Potential and Goals Study will serve as one of several inputs to the
IOUSs’ post-2014 program design. Neither the 2013 Potential and Goals Study nor the PG Model
is intended to serve as a stand-alone tool for IOUs to use in program design.

CPUC policy making informed and directed this study, as outlined in Rulemaking (R.) 09-11-014 and
most recently by Decision (D.) 12-05-015, which provide guidance on the 2012-2013 energy efficiency
portfolios. The study period spans from 2013-2024 based on the direction provided by CPUC'8 and
focuses on current and potential drivers of energy savings in IOU service areas. Analysis of energy
efficiency savings in publicly owned utility service territories was excluded as beyond the scope of this
effort.

The Navigant team and the CPUC have conducted frequent and regular outreach to stakeholders in the
development of this model. The Demand Analysis Working Group (DAWG) formed a subgroup (also
known as a “pup”) for energy savings to facilitate this engagement. The Navigant team and CPUC have
met with the energy savings pup twice per month since September 2012. The comments and questions
raised during these meetings have informed the development of the model.

18 Direction provided in amendment to Energy Division (ED) Work Order KEMAQO06 as part of CPUC Contract
Number 09PS5863B.
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1.1

Overview of General Approach

The primary purpose of the 2013 Potential and Goals Study is to provide the CPUC with information

and analytical tools to enable policy makers to engage in goal setting for the next investor-owned utility

energy efficiency portfolio. In addition, this study informs forecasts used for procurement planning, can
provide estimates of progress towards the state’s greenhouse gas (GHG) savings goals,'® and enables the
establishment of benchmarks for the Efficiency Savings and Performance Incentive.?0 The model itself

does not establish any regulatory requirements.

Consistent with the 2008 Itron Study?' and 2011 Potential Study, the 2013 Potential and Goals Study
forecasts three levels of energy efficiency potential:

1.

Technical Potential: Technical potential is the amount of energy savings that would be possible
if all technically applicable and feasible opportunities to improve energy efficiency were taken,
including retrofit measures, replace-on-burnout (ROB) measures, and new construction
measures.?? Technical potential calculates energy savings that could be captured if all energy
efficiency measures were installed in all feasible applications, regardless of cost or customer
acceptability.

Economic Potential: Using the results of the technical potential analysis, the economic potential
is calculated as the total energy efficiency potential that passes a minimum level of cost-
effectiveness.?? All components of economic potential are a subset of technical potential.?

Market Potential: The final output of the potential study is a market potential analysis, which is
defined as the energy efficiency savings that could be expected to occur based on specific
economic conditions and market influences (e.g., past IOU program accomplishments and future
IOU incentives). Market potential is generally considered a subset of economic potential.?

19 As outlined in AB32. California Global Warming Solutions Act of 2006. Assembly Bill No 32. California Air
Resources Board.

20 The Efficiency Savings and Performance Incentive is considered in R.12-01-005.and can be found at
http://delapsl.cpuc.ca.gov/CPUCProceedingl.ookup/f?p=401:56:809728160393201::NO:RP,57,RIR:P5 PROCEEDING

SELECT:R1201005.

2LITRON. California Energy Efficiency Potential Study. 2008. (www.calmac.org, CALMAC ID: PGE0264.01).
22 For reference, technical potential typically ranges between 15 and 30 percent of annual electricity sales, depending

on the market sector and market baseline conditions.

2 As discussed in Section 3.3.4, the default cost-effectiveness threshold for economic potential is that a measure must
have a total resource cost test value of 0.85 or greater in the Mid-Efficiency scenario.

2 For reference, economic potential typically ranges from 13 to 23 percent of annual market sector sales, depending
on several factors: the amount of technical potential available, the cost test used to screen for economic feasibility,
the value of avoided energy costs to an energy provider, and the cost of energy to consumers.

% For reference, incremental annual market potential typically ranges between 0.5 and 2.5 percent of annual market
sector sales, depending on the amount of economic potential and customer acceptance and barriers to implementing

EE measures and initiatives.
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Figure 1-1 illustrates the relationship among these three types of potential.

Figure 1-1. Diagram of Types of Energy Efficiency Potential

Technical Potential

Economic Potential

Market
Potential

Source: Navigant team, 2011 Potential Study

The PG Model calculates these three types of potential and then conducts additional analysis to support
decision making. The basic framework for this analysis is outlined in Figure 1-2; this graphic is used later
in this report when providing additional detail on the analytical approaches used in this model.

Figure 1-2. PG Model Approach to Analysis for This Report

Calculate Calculate

Economic Market
Potential Potential

Source: Navigant team analysis, 2013.

1.1.1 Limitations in Scope and Capability of the Potential Study

The 2013 Potential and Goals Study includes estimates of potential for the residential, commercial,
mining, street-lighting, industrial, and agricultural sectors. Except for the industrial and agricultural, the
Navigant team used a “bottom-up” approach to calculate market potential.?* This approach used
detailed measure-level data (e.g., unit energy savings, incremental and full measure cost, and densities,
etc.) and market level data, such as California building stocks, and assessments of consumer decision
making to determine the timing and savings that result when customers select energy efficient
equipment or practices. While this methodology results in a model and view of potential that is detailed

2 The industrial and agricultural sectors required a top-down approach because of the diversity of end uses and
custom nature of projects in the sector; the Navigant team used a supply curve approach to estimate potential in the
Industrial sector. Additional detail on these methods is available in Section 4.
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and accurately reflects current industry research, its ability to assess some market activities or to provide
for detailed program design applications is limited with respect to the following;

1.

Limited inclusion of the potential for operation and maintenance activities. Conservation
activities, such as programs designed to change customer behavior towards energy or how
equipment is operated, has limited representation in this report. This limitation exists because the
potential model is based largely on energy efficiency measures defined in the Database for Energy
Efficient Resources (DEER) and Frozen Ex Ante (FEA) databases. These sources include the majority
of energy efficiency measures currently on the market, most of which involve replacing a piece of
standard efficiency equipment with a more energy efficient alternative. It is generally assumed that
the replacement equipment runs the same number of hours but requires less energy to perform the
same work. There are extensive and current data sources available to forecast this type of measure-
based potential, and therefore this forecast can be viewed as a reasonable estimate of energy
efficiency potential that will result as the types of equipment defined in DEER and workpapers reach
the end of their useful lives and are replaced by more efficient alternatives.

However the potential for savings that result from changes in how equipment is operated has only
limited representation in this model. Examples of these types of conservation-oriented savings
include a resident adjusting the thermostat in their home to reduce the number of hours their
heating or air-conditioning system might run, or a re-commissioning activity designed to establish
an efficient operating schedule for the air conditioning or lighting systems in an office building.
These types of conservation and operational actions are often difficult to assess at the individual end
use, and even more difficult to scale across market sectors. This difficulty further compounds when
attempts are made to forecast this activity over a long period of time because the persistence of
behavioral and operational changes are not well documented. It is for these reasons that most
current and past potential studies, both within California and in other jurisdictions, share this
limited view. While there is an increasing body of evidence that there is a significant amount of
savings potential for behavior and operational actions, at the CPUC Energy Divisions direction the
Navigant team chose to present a conservative forecast for the potential of this activity. This
conservative view is not intended to exclude or limit operational and behavioral initiatives that
might be considered in setting near term goals and targets, but simply recognizes the uncertainty of
these efforts in a long term forecasting environment.

Limited assessment of the interactions between energy efficiency and the evolving distributed
generation and cap and trade markets. The markets for energy solutions are evolving quickly and
present challenges in forecasting the potential for energy efficiency. Of particular note are the
markets for small, local distributed photovoltaic (LDPV) systems?” and the development of
California’s cap and trade program.

%7 Local distributed PV is defined as PV sized such that its output will be consumed by load on the feeder or
substation where it is interconnected. This distinguishes LDPV from other characterizations of “distributed PV,”
which has typically been defined as 20 MW or less.

34

2013 Potential and Goals Study
Final Report.



NAVIGANT

In about 2007 the development of solar leasing opportunities began to accelerate the market for
LDPV systems. The base case estimate for a recently completed technical potential study?® of LDPV
systems in California’s IOU service territories shows more than 15,000 MW of technical potential
between 2012 and 2020, the majority of which is residential roof based. During this same period the
technical potential for energy efficiency, across all sectors, is roughly the same, at about 15,500 MW,
with about 6,000 MW of technical potential in the residential market. This study does not
investigate the interrelationship between the EE and LDPV markets, such as shifts in customer
willingness to engage in EE where LDPV is deployed, or the nature of avoided costs associated with
EE in LDPV equipped facilities.

California’s cap and trade program began operating in 2013 with the intent to establish price signals
needed to drive long-term investment in cleaner fuels and more efficient use of energy. As of early
2014, approximately 100 out of 450 entities (22%) participating in California’s carbon market are
large industrial and agricultural producers for which the PG model has also estimated the potential
for energy efficiency. As the cap and trade program expands and matures it is uncertain how energy
efficiency implemented at covered, opt-in, or voluntarily associated entities will change the potential
for energy efficiency in the industrial and agricultural sectors. This study does not consider, for
example, how EE activities might be competitive, exclusive, or complimentary with respect to the
carbon market and the market for voluntary EE initiatives operated by utilities and other entities.
For example, operational efficiencies not considered valid for EE potential might have value
exclusive to the carbon markets, or EE activities may be allowed to participate in both voluntary EE
programs and carbon markets, thus providing dual incentives that drive higher EE market potential.

3. Inconsistent policy interpretation of standard practices across sectors and stakeholders. During
the development of the industrial and agricultural sector forecasts, the Navigant team discussed
with stakeholders how to treat “industry standard practices” (ISPs). These are equipment
installations or operational and maintenance activities that are typically considered to be ineligible
for participation in voluntary EE programs because they should be apparent to operators and
enacted through financial self-interest, or are considered to be a regulatory mandate?. As a result,
the potential for activities identified as ISPs are either reduced or eliminated altogether. During these
discussions it became apparent that the industrial and agricultural sectors are subject to
interpretations of standard practice that are more restrictive than those applied to the residential and
commercial sectors. For example, in the residential market energy savings from increasing furnace
system efficiency by replacing furnace filters is actively promoted by behavioral programs, or a
commercial sector retro-commissioning project may be fully credited for increasing furnace
efficiency by repairing a failed economizer. However, it is often the case that a similar action in the
industrial sector (i.e. designed to save energy by reducing air flow) is considered an operational or
maintenance standard practice and the savings potential is reduced or eliminated.

28 Technical Potential for Local Distributed Photovoltaics in California Preliminary Assessment, Energy and
Environmental Economics, Inc.. March, 2012

2 ]SPs include both equipment measures and practices such as operating procedures or behaviors. As a result, a
measure can become standard practice and operating practice or behaviors can become standard practice.
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Additionally, only recently has there been written documentation available that defines what is a
standard practice® or how they are to be verified, and therefore interpretations of how to value or
de-rate ISPs varies from stakeholder to stakeholder. For example, stakeholders were asked to de-
rate the potential savings energy in the industrial sector of the O&M activity to “adjust vents to
minimize energy use”, a common recommendation in commercial retro-commissioning projects.
Each of four stakeholders de-rated the value of this measure differently when applied to the
industrial sector, ranging from no reduction in savings to a complete elimination of potential.

Finally, the industrial and agricultural sectors are subject to oversight from multiple State entities
that may not be equally present in the commercial or residential sectors, such as the California EPA,
California OSHA, or the California Air Resources Board (CARB). Each of these entities applies
policies that can impact energy use, and the compliance efforts of industrial and agricultural
operators are considered to be ISPs within many EE program operating guidelines. It is unclear to
the modeling team, however, whether these compliance efforts constitute a standard practice for
which exclusion from incentives are valid, or if these state or local initiatives should be considered
activities related to market transformation that merit some incentive and developmental support.
For example, the San Joaquin Valley Unified Air Pollution Control District requires the application
of “best available control technology” in the case of steam generation field units®'. This guideline has
been cited as the reason why related boiler control upgrades are consider “standard practice” and
incentives are not allowed for these upgrades. It is unclear, however, that this is an ISP applied to all
air quality control districts within California, and it is unlikely that this is considered an ISP in non-
California jurisdictions competing in this industry.

4. Nascent capability to forecast locational potential. The 2013 potential model can provide views of
technical, economic, and market potential by climate zone and DEER building type. This forecast
was modeled by allocating savings potential according to CEC sales forecasts® and can present
reasonable sector views at the climate zone level, but was not designed to assess potential at specific
transmission and distribution (T&D) points. The model has subsequently been used to assess
potential for location specific purposes® but the data available to the modeling team was not at a
granularity that allows highly reliable load bus level forecasts. For example, EM&V activities,
including market characteristic studies that are the core source of data for the potential model, are
not typically designed to support locational potential beyond climate zone definitions, and more
often are targeting only aggregated IOU sector level markets. It is possible to greatly refine T&D
level forecast using a combination of IOU data, refined EM&V activities, and third party data
sources, however these refinements were beyond the scope of the current modeling effort.

5. Limitations on scenario assumptions. The 2013 model provides the capability to forecast potential
for innovative program delivery mechanisms including financing and whole building solutions.

30 ISP Guide Industry Standard Practice Guide, Revision 0x October 14, 2013

31 San Joaquin Valley Unified Air Pollution Control District Best Available Control Technology (BACT) Guideline
1.2.1

32 Quarterly Fuel and Energy Report

3 Allocating Additional Achievable EE Savings to Load Busses. California Energy Commission. Mike Jaske
Revised 10/18/2013
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During development of the model it became necessary to select a logic structure and set of design
criteria that most closely matched current market knowledge and provide a structure that most
closely represents the program designs currently being offered. These decisions were necessary to
generate valid estimates of near term potential on which goals are based, but led to restriction in the
types of scenarios that could be modeled. This provided validity to some stakeholder comments
that the model represents a potential that is restricted to “business as usual” practices. For example,
the forecast for the potential from financing is based on “on bill repayment” type programs, which is
the structure most common to current pilot offerings. These programs tend to provide interest rates
and lending restrictions that are consistent with current market products, such as home equity lines
or credit cards, and the resulting increase in incremental EE market potential is therefore tempered.
It's not meant to imply that there won’t be participants in on bill repayment programes, it simply
means that new potential may not be created as anticipated because the offering already exists. It is
possible that addition potential may be found in below market interest rate loans, or more tolerant
lending criteria, but that is not the nature of the dominant products currently being offered and so
were not modeled. Similarly, the modeling for whole home solutions is based on very sparse data
that indicates poor cost/benefit performance. However it may be that additional market potential
will develop as these delivery mechanisms mature and delivery costs reduce as the market for whole
building solutions transforms. For example, early EM&V results indicate that there may be a
significant increase in the amount of insulation activity occurring as a result of whole home retrofit
activity where HVAC systems are being replaced. Additional research may indicate that insulation
and HVAC contractors are collaborating more consistently as a result of whole home initiatives, and
additional incremental market potential is being added as a result.

Limited use as a program design tool. This report and associated modelling tools provide a macro
view of the potential for energy efficiency at the IOU level, but has limitations as a program design
tool. The Navigant team was fortunate throughout the modeling process to receive insights from
stakeholders on specific measure performance metrics or market characteristics, and this feedback
helped the team to more closely align the forecast with actual market conditions. As a result, the
modeling tools can provide a reference point for program development efforts, though the model is
structurally not a program design platform. Actual program design activities are best accomplished
using more specific program management tools.

Deviation from CPUC Accounting for IOU claimable savings from Codes and Standards. The
modeling methodology for C&S savings was developed to be consistent with the format for the
calculations of additional achievable energy efficiency forecast (AAEE) and related needs for
demand forecasting and long term procurement planning. However, this accounting deviates from
current CPUC policy for IOU claimable savings for C&S advocacy. The accounting Cé&S savings
policy will be revisited a long with the modeling approach. CPUC policy allows IOUs to claim net
savings for C&S, based on the current baseline, which is based on the most recent code

update. Thus, the IOUs can claim savings for a code or standard until it is superseded by a more
stringent specification, which increases the baseline. This accounting system was not incorporated
in the model and is a recommended update for future analysis. This accounting framework only
affects IOU claimable savings and does not affect the estimation of actual savings that are generated
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by Codes and Standards (data that is used for demand forecasting and long term procurement
planning). Therefore this model limitation does not change results provided in the AAEE.
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2 Key Issues and Updates Since 2011 Potential Study

This study provides an update to the 2011 Potential Study.* The 2011 Potential Study developed
estimates of technical, economic, and market potential from the four IOUs’ energy efficiency programs
and C&S under a single set of assumptions (i.e., one scenario). The 2013 Potential and Goals Study
sharpens the focus on market potential and includes a broader range of CPUC’s policy objectives (e.g.,
whole buildings, financing) than the 2011 Potential Study. The 2013 Potential and Goals Study provides
updates in several key areas:

»  Measure-Related Changes that Affect Technical, Economic, and Market Potential (discussed in
more detail in Sections 3.1.1 and 3.1.2.)

o Residential and Commercial Measures:
=  Align the measure list more completely with the DEER and the FEA database
= Include measure characteristics by building type and climate zone
o Agriculture, Industrial, Mining, and Street-Lighting (AIMS) Measures:
= Refine previous estimates of potential for the agricultural and industrial sectors
* Add detail at the mining and street-lighting sector level

= Expand estimates for industrial sectors to more closely align with CEC demand
forecast sector definitions

o Emerging Technologies (ET) Measures:
= Refine the approach to selecting emerging technologies
= Expand the number of measures included in modeling
»  Analytical Issues that Affect Market Potential (discussed in more detail in Section 3.3.)

o Model Engine: Standardize approach for estimating market potential to Bass Diffusion
theory? for residential, commercial, mining, and street-lighting sectors; update the
calculation of willingness to consider levelized measure cost instead of simple payback;
use a supply curve approach to calculate potential in the industrial and agriculture
sectors that reflects the heterogeneity of the sectors” consumption

o C&S: Refine inputs to existing C&S; add new and future C&S to the model
o Strategic Plan: Finalize approach to modeling the California Strategic Plan3
o Financing: Estimate additional market potential from financing

o Decay: Update approach to calculating decay and reparticipation

¥#Navigant Consulting, Inc. Analysis to Update Energy Efficiency Potential, Goals and Targets for 2013 and Beyond: Track 1
Statewide Investor Owned Utility Energy Efficiency Potential Study. May 2012.
http://www.cpuc.ca.gov/PUC/energy/Energy+Efficiency/Energy+Efficiency+Goals+and+Potential+Studies.htm

% Frank Bass. ” A new product growth model for consumer durables.” 1969. Management Science 15 (5): 215-227.

% Engage 360. California Energy Efficiency Strategic Plan. January 2011 Update.
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o Savings Accounting: Calculating life-cycle savings

o Scenario and Sensitivity Analysis: Analyze savings potential using different input values

Figure 2-1 indicates where each of these changes is integrated in the model framework.

Figure 2-1. Overview of Updates to the 2011 Potential Study

Model
Market
Adoption
* Create
Structure
* Develop
Inputs
* Decay

Calculate Calculate

Economic Market
Potential Potential

Develop
Measure- Analysis of Additional
Level Inputs Drivers Activities
* Res/Comm *IOU s 0/
(DEER, FEA, Portfolios cenaro
Sensitivity
. - Analysis
* Agriculture «Strategic Plan «Calibration
* Industrial *Financing

Source: Navigant team analysis, 2013.

2.1  Key Issues and Updates Since the November 2013 Draft Study Release

Based on stakeholder comments on the November 2013 draft report release, Navigant engaged
stakeholders in a review of estimates of potential for the agricultural, industrial, and mining sectors
(collectively referred to as the AIM sectors). Specifically, Navigant was requested to review and adjust
potential to account industry standard practices® % (ISPs) and select operations and maintenance (O&M)
activities that are not allowed under current program guidelines.

This review of ISP and O&M activities required that certain activities be disallowed (or ‘de-rated’) and
this derating resulted in a downward adjustment of market potential for the AIM sector. Table 2-1
shows that EE market potential (GWh) for 2015 was reduced by 34.5% to account for ISPs and restricted

% ISP Guide Industry Standard Practice Revision Ox. Southern California Gas Company, October 14, 2013

3 JSPs are defined as follows; Businesses utilize a series of technologies to process or produce a product or provide
certain service. For each step in the series, there are one or more technologies that can be utilized to perform that
particular step. Although any of these technologies may be suitable, more often than not, there is one technology
that is commonly installed. This commonly installed technology would be considered to be standard practice within
for an application.
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O&M activity. Appendices G through provide sector level discussion of the ISP and O&M review
processes, while Appendix T provides additional details demand and gas energy reductions.

Table 2-1. Summary of AIM Sector Derating and 2015 Market Potential Adjustments (GWh)

February 2014 November 2013

Final Report Draft Report
Incremental Incremental Market
Market Potential Market Potential Derating Potential GWH
Sector 10U Factor Reduction
Statewide 232.1 354.4 34.5% (122.3)
PG&E 119.6 190.9 37.4% (71.4)
AIMS Total SCE 104.0 151.2 31.2% (47.1)
SCG 0.0 0.0 0.0% 0.0
SDG&E 8.5 12.3 30.8% (3.8)
Statewide 129.9 183.5 29.2% (53.6)
PG&E 61.4 87.5 29.8% (26.1)
Industrial SCE 62.0 86.6 28.5% (24.6)
SCG 0.0 0.0 0.0% 0.0
SDG&E 6.5 9.3} 30.8% (2.9)
Statewide 89.8 129.2 30.5% (39.4)
PG&E 52.4 75.4 30.6% (23.0)
Agriculture SCE 354 50.9 30.5% (15.5)
SCG 0.0 0.0 0.0% 0.0
SDG&E 2.0 2.9 30.7% (0.9)
Statewide 125 41.7 70.1% (29.2)
PG&E 5.8 28.0 79.4% (22.2)
Mining SCE 6.7 13.7 51.0% (7.0)
SCG 0.0 0.0 0.0% 0.0
SDG&E 0.0 0.0 0.0% 0.0

Additionally, this report reflects increases in cumulative potential for residential and commercial sector
whole building new construction ZNE potential.
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3 Methodology for the Residential and Commercial Sectors

This section provides an overview of the Navigant team’s approach to the key components of the 2013
Potential and Goals Study analysis:

»  Section 3.1 describes the sources of the key inputs to the analysis, including the framework used
for the measure-level data and the sources of other inputs.

»  Section 3.2 describes the approach used to calculate technical and economic potential.

»  Section 3.3 discusses the market potential analysis, including the model structure and
underlying theory (Section 3.3.1), high-level overviews of the approaches used to analyze the
Energy Policy Drivers (Section 0), an overview of four issues that cut across all of the
calculations conducted as part of the market potential analysis (Section 3.3.3), and a discussion
on the scenario and sensitivity analytical frameworks (Section 3.3.4).

Forthcoming appendices to this report will include additional information on many of these topics.

3.1  Structure and Sources of Key Inputs

The bottom-up approach used to calculate energy savings potential required detailed measure
characterization data as well as other high-level inputs. The detailed measure characterization data
provided the information needed to simulate market adoption; these inputs include information about
the baseline consumption, energy savings, estimated useful life, costs, and others. The scale and scope of
the data used for the 2013 Potential and Goals Study is substantially expanded from the 2011 Potential
Study. This section describes the framework used to develop and manage the input data, including the
list of the measures analyzed in the 2013 PG Model.

3.1.1 Measure-Level Data for the Residential and Commercial Sectors

The Navigant team compiled an extensive set of measure-level data for the residential and commercial
sectors into an online database. The measure-level data is comprised of approximately 60,000 unique
rows of measure characteristics that allow the calculation of technical, economic, and market potential
for each measure by climate zone, building type, and service territory (see Section 3.1.3 for the
description of measures analyzed). To develop the measure-level data, the Navigant team combined
information from the DEER,*# the FEA database,*' various IOU work papers, and saturation studies.

% The Database for Energy Efficient Resources (DEER) contains information on energy efficient technologies and
measures. This information includes energy consumption and savings, costs, and other supporting data required to
calculate cost-effectiveness and willingness. DEER has been developed for the CPUC through funding from
California ratepayers. Interested parties can access DEER at www.deeresources.org. This study used data from
DEER 2011 Version 4.01 as approved by the CPUC for use in California IOU 2013-14 energy efficiency planning.
DEER was updated in November 2013 and the DEER team provided a workbook that documents the changes to
lighting measures in DEER 2013. This spreadsheet provides updated lighting results and interactive effects for three
lighting measure types, an adjustment table for lighting interactive effects, and an occupancy sensor adjustment
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The Navigant team applied common measure names across these various sources based on the Standard
Program Tracking Database (SPTdb) 0.98 specification.*

All of the measure-level data is available online. The Measure Input Characterization System (MICS)
Online provides a platform for stakeholders to access, review, and provide feedback on measure
characterization data. MICS Online is available at https://navfact.com/pgt/index.php.

This section provides additional detail on the types of measure-level data developed and the sources of
each type of input. Details regarding the key input variables in the MICS are explained herein.

Measure Nomenclature: The PG Model uses a measure nomenclature system that is consistent with
DEER. The DEER team’s four-level nomenclature system uniquely identifies measures for the purposes
of planning and tracking energy efficiency program savings. The four levels of nomenclature are as
follows:

»  UseCategory: This is the broad end-use category (e.g., lighting, HVAC).

»  UseSubCategory: This is a more specific end-use subcategory (e.g., the Lighting UseCategory
contains Indoor General, Exit Signs).

»  TechGroup: The SPTdb 0.98 document defines this field as follows: “All Technology Types are
associated with a high-level Technology Group.” For example, all split and packaged air
conditioners are a part of the TechGroup “dxAC”; all screw-in lighting technologies, including
compact fluorescent lamps (CFLs), light-emitting diodes (LEDs), and incandescent bulbs are a
part of the TechGroup “Ltg_ScrewIn.”

»  TechType: This is a more specific measure category. For example, a Ltg_ScrewIn TechGroup can
be further classified into, for example, CFL_Lamp, LED_Lamp, and Incan_Lamp (Incandescent
Lamp).

A “measure” in the PG Model refers to a TechType. The PG Model aggregates all DEER and non-DEER
measures at the TechType level for calculation purposes. For the sake of clarity, the Navigant team
assigns a unique descriptive measure name to each TechType that is used in reporting savings.
Throughout the rest of this section, “TechType” and “Measure” can be considered synonymous.

table. The lighting interactive effects adjustment table provides adjustment factors to apply to DEER 2011 lighting
measures to account for changes in weather sensitive HVAC interactive effects. The occupancy sensor table
provides a similar adjustment factor that can be applied to either DEER 2011 or DEER 2013 lighting measures to
account for occupancy sensors added to the lighting measure. This spreadsheet has been reviewed, but it was not
incorporated in the current model release due to the recent timing of this DEER update release. These changes will
be reflected in the next update and release of the model results.

40 Workbook provided to Navigant 1/3/14 by Arron Lu (CPUC), file name: DEER2013-Lighting-IE_and_Adjustment-
Factor-Tables-25Nov2013.xIsx

# The FEA is a database developed for the CPUC to house all approved measure-level ex ante data. This includes
data on DEER and non-DEER measures. The FEA is housed by the CPUC’s Energy Division (ED) on an internal
server; access to the FEA data can be requested from staff.

4 The SPTdb contains all IOU-claimed and evaluated savings starting in 2006 in a unified, ED-approved format.
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Figure 3-1. Illustration of the Measure Nomenclature

Use Category

SubUse SubUse
Categoryl Category?2

TechGroupl TechGroup2 TechGroup3
TechTypel TechType3 TechTypeb jad TechType7
TechType6 QR TechType8

TechGroup4

Note: The PG Model refers to TechType when referring to a “measure.”
Source: Navigant team analysis of DEER 2011.

Unit Energy Savings and Consumption: The 2013 PG Study requires three types of data about measures
energy use:

»

»

»

Measure consumption is the amount of energy consumed annually by an energy efficient measure
that is installed in a specific building type, building vintage (i.e., existing or new construction),
and climate zone.

Baseline consumption is the amount of energy consumed annually by the average existing
installed equipment. Energy savings for retrofit measures are defined as the difference between
Baseline Consumption and Measure Consumption if the relevant code or standard remains
consistent throughout the remaining useful life of the equipment; in cases in which the code
changes during the equipment’s remaining useful life, the energy savings is calculated as the
difference between Measure Consumption and Code Consumption.

Code consumption is the amount of energy consumed annually by the equipment that meets the
minimum federal/California state standard or code. Energy savings for ROB measures are
defined as the difference between Code Consumption and Measure Consumption.

The Navigant team leveraged data in DEER 2008, DEER 2011, and saturation surveys to compile these
data points for each measure. The most current measure-level data (available in DEER 2011) included
only data on incremental measure energy savings. Incremental measure energy savings are not sufficient
for the PG Model, which requires all three types of consumption data listed above. As such, the
Navigant team derived consumption data for the TechTypes included in DEER 2011 from the 2011
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savings data, DEER 2008 consumption data, and the saturation surveys. Additional explanation of this
approach is included in Section 3.1.2.

Estimated Useful Life (EUL) and Net-to-Gross (NTG)* Ratio: EUL is an estimate of the median number
of years that the measures installed under a program are still in place and operable. The values for EUL
and the NTG ratios were derived from the FEA (except for the case of measures developed through
work papers, in which case the work paper provided the EUL data). The Navigant team queried FEA to
obtain a unique list of FEA-defined NTG and EUL descriptions. An FEA description contains the
measure name and customer segment to which a particular NTG and EUL value applies. The Navigant
team used this list of NTG and EUL to manually assign NTG and EUL values to TechTypes. The NTG
ratio is included in the MICS database, but it has very limited application in the PG Model since the PG
Model reports gross results. CEC, however, uses net savings to inform its demand forecast.

Measure Cost: Measure cost is defined as the total dollar amount that a customer pays to purchase and
install a measure. Measure cost is calculated at the measure level and is the sum of two cost components:

»  Material cost is the cost of buying the measure.
»  Labor cost is the cost for installing that measure.

All assumptions made regarding measure cost are contained in the MICS Online. In general, for
measures included in DEER, material cost and labor cost data were sourced from DEER 2008, which
provided the most current vetted material and labor cost data for these measures. For measures not
included in DEER, material and labor cost data were sourced from IOU-submitted work papers and
secondary research.

Measure Density: Measure density is defined as the number of units of a technology per unit area.
Specifically, measure density is categorized as follows:

»  Baseline measure density: This is the number of units of a baseline technology per unit home for
the residential sector, or per unit area for the commercial sector.

»  Energy efficient measure density: This is the number of energy efficient units existing per unit
home for the residential sector, or per unit area for the commercial sector.

»  Total measure density: This is usually the sum of the baseline and efficient measure density. When
two or more efficient measures compete to replace the same baseline measure, then the total
density is equal to the sum of the baseline density and all applicable energy efficient technology
densities.

These three measure densities were determined for each measure analyzed in the PG Model. The
Navigant team applied measure densities consistent with those used in the 2011 study, but modified
based on CEC consumption forecast data. CEC forecast data were used to estimate the change in unit
energy consumption (UEC) (per home for the residential sector and per square foot for the commercial

4 The NTG ratio is a factor representing net program load impacts divided by gross program load impacts that is
applied to gross program load impacts to convert them into net program load impacts. This factor is also sometimes
used to convert gross measure costs to net measure costs.
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sector). These trends were used to modify the ratio of 2011 baseline and energy efficient measure density
while keeping the total measure density constant.

The input sources detailed in Step 1, their definitions, and the data contained in these sources are
presented in Table 3-1.

Table 3-1. Data Sources for the 2013 Potential and Goals Study

Input Data
Input Source  Availabilit Source Notes
Measure Sgg%b High The SPTdb 0.98 document is created by the DEER team to
Nomenclature ’ 9 standardize program-tracking nomenclature.
Document
UES DEER 2011 High DEER 2011 contains staff-approved UES data.
. DEER 2008 contains staff-approved base and code consumption
UEC DEER 2008 High data. This was merged to DEER 2011 to get required data.
FEA The FEA contains staff-approved measure information that I0Us
EUL Database, High use as ex ante claims. For measures developed through work
Workpapers papers, the work paper was the source.
NTGH FEA High The FEA contamslstaﬁ-approved measure information that IOUs
use as ex ante claims.
Measure cost data is available for a subset of DEER 2008
Measure Costs | DEER 2008 Low measures. Costs for other measures were sourced from 10U
work papers and secondary research.
RASS/ RASS contains density data for residential appliances. Density
Density CEUS/ Low values were calculated using available data and secondary
Research research.

* SPTdb contains all IOU claimed and evaluated savings starting in 2006 in a unified, staff-approved format.

#The NTG ratio has limited application in the PG Model since results are reported at the gross level. CEC, however,
applies the NTG ratio to determine net savings to inform its demand forecast.

Source: Navigant team analysis, 2013.

These measure characteristics include energy consumption, measure cost, measure density,* EUL, and
ex ante NTG ratio estimates. The sources for these data include DEER 2011, DEER 2008, FEA, IOU work
papers, and secondary research conducted by the Navigant team.

# Measure density is the population density per unit area of energy efficient and baseline measures.
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3.1.1.1  Inclusion of Emerging Technologies

The Navigant team expanded the scope of ETs and refined the modeling methodology for ETs beyond
the scope and methodology of the 2011 Potential Study. ETs are defined as meeting one or more of the
following criteria:

»  Not commercially available in today’s market, but expected to be available in the next three to
five years

»  Commercially available but representing less than 5 percent of the existing market share

»  Costs and/or performance are expected to substantially improve in the future.

Emerging technologies were only examined for the residential, commercial, and street-lighting sectors.
These sectors are modeled using individual measures for specific applications. This section describes the
approach to ET analysis in the residential and commercial sectors.

Whereas the 2011 Potential Study only assessed the potential of 23 ETs that were most likely expected to
be adopted in the market, the Navigant team took a systematic approach to redirect the ET analysis
toward the end uses within the residential and commercial sectors that account for the largest energy
use. ETs were examined for the largest end uses to better estimate their total impact on future potential.
The Navigant team examined data from the CEC energy demand forecast models that are typically used
for Integrated Energy Policy Report (IEPR) analysis. The CEC demand forecast models contain a total of
28 residential and commercial electric end uses and 16 residential and commercial gas end uses as
summarized in Table 3-2.

Table 3-2. End Uses Included in the CEC Energy Demand Forecast Model

m Electric End Uses Gas End Uses

Residential 18 10
Commercial 10 6
Total 28 16

Source: Navigant team analysis, 2013.

% The Industrial and Agricultural sectors are modeled using the supply curve approach (see Section 4). The Mining
sector was excluded from ET analysis given its small overall energy consumption relative to other sectors and its
considerable reliance on motors and boilers for which there are few ET opportunities. Although small in overall
energy use, the street lighting sector was included for ET analysis specifically to examine LED technologies (see
Section 4.4).
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The Navigant team analyzed the energy consumed by each end use and determined that 12 electric end
uses account for 83 percent of residential and commercial electric consumption; 7 gas end uses account
for 87 percent of residential and commercial gas consumption. These end uses, listed below in Table 3-3,
were those that the Navigant team examined for possible ETs.

Table 3-3. Largest Residential and Commercial End Uses

Percent of Total
Electric Sector and End Use Electricity Use

Gas Sector and End Use  Percent of Total Gas Use

Com Indoor Lighting 17% Res Space Heat 32%
Com Miscellaneous 13% Res Water Heater 16%
Res Miscellaneous 10 % Com Heating 11%
Com Space Cooling 8% Com Water Heating 10%
Res Refrigerator 8 % Res Clothes Washer 7%
Res Lighting 7% Com Cooking 7%
Com Ventilation 6% Res Dishwasher 5%
Com Refrigeration 4% Total 87%
Res Space Cooling 4%

Com Outdoor Lighting 3%

Res Dryer 2%

Res Water Heater 1%

Total 84 %

Source: Navigant team analysis of CEC 2011 IEPR demand forecasts (Mid-case).

The Navigant team then investigated the range of possible emerging technologies for each of the 19 end
uses listed in Table 3-3. The Navigant team consulted its own internal databases as well as third-party
reports and U.S. Department of Energy (DOE) analyses to identify the highest efficiency technologies
within each of these end uses. In some cases, the most efficient technology had already been
characterized in the DEER database or through CPUC -approved utility work papers (e.g., electric heat
pump water heaters). For such cases, no additional research was necessary.

Remaining ETs were characterized based mainly on their efficiency levels. Most ETs are simply higher
efficiency levels of conventional technologies. For example, where Seasonal Energy Efficiency Ratio
(SEER) 15 and SEER 18 residential ACs are modeled as conventional measures (data available from
DEER), a new SEER 22 AC measure is modeled as an ET. The Navigant team relied on data from various
sources to characterize each ET:

»  U.S. Department of Energy standards rulemaking analysis provided the insight on the
maximum technically feasible energy efficiency level for many measures and end uses.*

»  The Navigant team extrapolated cost data from DEER where possible to ensure appropriate cost
increments beyond baseline and non-ET measures.

4 U.S. Department of Energy. Standards and Test Procedures. (online resource),
http://wwwl.eere.energy.gov/buildings/appliance standards/standards test procedures.html.
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» IOU work papers and other case studies provided additional savings and cost estimates.

The Navigant team was agnostic about what technology components or strategies an equipment
manufacturer used to produce a high-efficiency ET product. Rather, the team focused on what the
maximum efficiency level was, how much energy it could save, and how much it would cost. This
method allowed the Navigant team to avoid picking a “winning” technology or manufacturer, to avoid
competing similar ET products against each other that effectively accomplish the same savings at the
same costs, and to examine a broader range of ETs as they apply to specific building types and end uses.

The Navigant team assigned a risk factor to each ET to account for the inherent uncertainty in the ability
for ETs to produce reliable future savings. Actual future adoption of ETs will vary depending on
technology. Some ETs will gain large customer acceptance, capture significant market shares, and
generate large savings while others will falter achieving no market share and no savings. It is impossible
to pre-determine which ETs will succeed and which will fail. The ET risk factor acts to de-rate the
market adoption of each individual ET. The result is a total ET savings value that is representative of
what can be expected of the group of ETs.

The risk factor was determined based on qualitative metrics of market risk, technical risk, and data
source risk. The framework for assigning the risk factor is shown in Table 3-4. Each ET has each risk
category qualitatively assessed; a total weighted score is then calculated. Well-established and well-
studied technologies (such as LEDs) have lower risk factors while nascent, unevaluated technologies
(e.g., heat pump electric clothes dryers) have higher risk factors. Modeling ETs without any risk factor
would produce unrealistic savings forecasts as it would assume every single ET: overcomes market
barriers, establishes strong distribution channels, resolves remaining technology issues, and produces
evaluated energy savings that are equal to current (unevaluated) savings claims.

Table 3-4. Emerging Technology Risk Factor Scorecard

ET Risk Factor

Risk
Category

High Risk: Low Risk:

B G e Requires new/changed business model « Trained contractors
(25% e Start-up, or small manufacturer « Established business models
weighting) » Significant changes to infrastructure * Already in U.S. market

* Requires training of contractors . Manufactyrgr cgmmitted to

Consumer acceptance barriers exist. commercialization

Technical
Risk High Risk: Low volume New product with Proxﬁr:jitggp;?tlogy Low Risk: Proven
259 Prototype in first manufacturer. broad commercial aoolication or technology in target
( o field tests Limited experience appeal AP . application
weighting) different region
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ET Risk Factor

Risk

Category

Data

Source High Risk: Based Engineering Third-party case
. Manufacturer case

Risk only on studies assessment or lab study (real-world

(50% manufacturer claims test installation)

weighting)
Source: Navigant team analysis, 2013.

Low Risk:
Evaluation results or
multiple third-party
case studies

Some ETs (along with some conventional technologies) are expected to decrease in cost over time.
Historic data has shown the price of many common appliances to have decreased significantly over the
past several decades.*” Using this data, the Navigant team developed four cost reduction profiles that
could apply to various ETs (and non-ETs when appropriate) in the model (Figure 3-2).

Figure 3-2. Cost Reduction Profiles
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Source: Navigant team analysis, 2013.

47U.S. Department of Energy. February 2011. Using the Experience Curve Approach for Appliance Price Forecasting.
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The Navigant team also collected data on the cost reduction and performance improvement profiles
specifically for LED technologies (Figure 3-3). LED costs have come down rapidly in recent years (i.e., a
70 percent reduction from 2010 to 2013) and are expected to continue to decrease in the foreseeable
future. Meanwhile, LED efficacy has been increasing and is expected to nearly double from 2014 to 2024.
This efficacy change will decrease the wattage requirements of LEDs in the future. The PG Model

incorporates both of these trends.

Figure 3-3. LED Technology Improvements
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Source: Navigant. Energy Savings Potential of Solid-State Lighting in General Illumination

Applications. Prepared for the U.S. Department of Energy. January 2012.

The market potential of ETs is calculated using the same methodology as used to model conventional
measures. Many ETs compete with lower efficiency conventional technologies (e.g., CFLs vs. LED) for

market share.

A full list of the ETs included in this study along with their assigned risk factors and cost reduction

profiles can be found in Appendix A.
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3.1.2

Development of Measure-Level Data for the Residential and Commercial Sectors

The PG model inputs are defined for each measure by building type, climate zone, and IOU service
territory. These measure inputs were derived from existing staff-approved data sources and are housed

in the MICS. Figure 3-4 presents the data architecture for measure data in the MICS.

Figure 3-4. Data Architecture Structure for the 2013 Potential and Goals Study
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Figure 3-5 presents the process that the Navigant team used to create the measure list for conventional
measures in the 2013 PG Study. The development of the measure list included the following steps:

»

»

»

Step 1: Define Measure Data Sources and Measure Lists: The Navigant team researched
available data sources for measure characteristics development. The data sources chosen for
compiling measure input characteristic data are as follows:

o DEER 2008 - Source for consumption data
o DEER 2011 - Source for energy savings data

FEA - Source for non-energy measure properties for DEER measures, including EUL and
incremental cost. For non-DEER measures, FEA provided staff-approved IOU work papers that
contain energy and non-energy measure characteristics required for potential modeling.

Step 2: Data Source Consolidation: All the different data sources were normalized by applying
a consistent naming convention to all measures in these different data sources. This naming
convention is defined by the SPTdb 0.98 naming convention.

Step 3: Develop Combined Measure List: The Navigant team compiled a measure list that
includes all measures represented by DEER and a subset of non-DEER measures for which staff-
approved work papers exist. The MICS was created to house all this data in a relational online
database.

Figure 3-5. Overview of the Process to Create the PG Measure List
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The following discussion provides additional details on the development of the energy consumption
data for the DEER and non-DEER measures included in the PG Model. The Navigant team took these
steps to conduct the meta-analysis outlined in Step 3 of Figure 3-5 to complete the development of the
measure list:

1. For DEER measures, the Navigant team used the merged DEER 2008-2011 data set to calculate
measure, baseline, and code UEC. The Navigant team aggregated all DEER and non-DEER
measures to an SPTdb 0.98 defined TechType level. For each TechType, the following level of
detail was considered:

a. IOU: Measure savings vary by IOU.

b. Building type: Measure savings vary by building type. The Navigant team used the
standard building type nomenclature used by DEER 2008, which was developed for the
SPTdb and FEA.

c. Climate zone: Measure savings vary by DEER climate zone.

2. For non-DEER measures, the Navigant team sourced the consumption data from staff-approved
work papers submitted by the IOUs. Data from the work papers was used to populate measure
UEC for building type and climate zone where provided. All Navigant team analysis sheets for
non-DEER measures are sourced to an IOU work paper where applicable.

3.1.3 Residential and Commercial Sector Measure Lists

The residential and commercial measure list includes 169 unique measures. The Navigant team worked
to make sure that all major Use Categories are covered by the measure list. Table 3-5 presents a count of
measures included in the residential and commercial sectors by End-Use Category, End-Use
Subcategory, and Fuel Type. These counts include both conventional and emerging technologies.
Instructions for accessing a complete list of the measures and their descriptions are located in Appendix
B.
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Table 3-5. Count of Residential and Commercial Measures Included in the PG Model, Including
Emerging Technologies

Fuel Use Measure
Sector Type Category Use Category Definition Use Category Examples Count
. Plug-in Computers, Power Strips, Vending
Com Electric AppPlug Appliances/Electronics Machine Controllers 4
Com Electric BldgEnv Bmldmg EMELEE Window Films, Insulation 3
(Insulation)
Com Electric ComRefrig  Commercial Refrigeration Rgfngerator Door Gaskets, Display Case 6
Night Covers
Com Electric FoodServ  Food Service Efficient Ovens and Griddles 5
Com Electric HVAC HVAC A/C and Heating Units, Thermostats 20
Com Electric Lighting Lighting LEDs, T8s, High-Bay T5s 27
Com Electric ProcHeat  Process Heating Boiler Controls 1
Com Electric Service Service/Non-Equipment Re-corlnmlssmrlung, RS el 3
Detection Services
Com Electric SHW Service Hot Water Water Heaters 2
Com Electric WholeBlg ~ Whole-building Whole Buﬂdlngl Retrofits and Efficient 6
New Construction
Com Gas FoodServ  Food Service Efficient K|tch§n Equipment such as 9
Ovens and Griddles
Com Gas HVAC HVAC A/C and Heating Units, Thermostats 5
Com Gas Service Equipment Service Re-commissioning 1
Com Gas SHW Service Hot Water Water Heaters 7
, Plug-in
Res Electric AppPlug Appliances/Electronics Computers, TVs, Clothes Washers 14
Res Electric BldgEnv Building Envelope Window Films, Insulation 3
Res Electric HVAC HVAC A/C and Heating Units, Thermostats 10
. _ _— LEDs, CFLs, Holiday Lights, Outdoor
Res Electric Lighting Lighting Lighting 29
Res Electric SHW Service Hot Water Water Heaters 3
Res  Electic  WholeBlg  Whole-building Whole-Buiding Retrofits and Efficient 8
New Construction
Plug-in .
Res Gas AppPlug Appliances/Electronics Clothes Washers, Dishwashers 4
Res Gas HVAC HVAC A/C and Heating Units 2
Res Gas SHW Service Hot Water Water Heaters 4

Source: Navigant team analysis, 2013.
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3.1.4 Other Macro-Level Inputs

Apart from measure characteristics, other key inputs also inform this potential model. These key inputs
fall into three categories:

» Population and Consumption Inputs: The model includes data from the CEC regarding
building stock and energy and demand forecasts.

»  Economic Inputs: The model includes data from the CEC regarding retail energy prices, and
Energy + Environmental Economics’ (E3) avoided cost assumptions and other inputs for
inflation and discount rates.

»  Program Inputs: The PG Model uses assumptions about key programmatic factors, including
the administrative cost ratio and past program accomplishments (2006-2008 energy efficiency
program cycle).
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Table 3-6 summarizes the sources of the inputs that comprise each of these three categories.

Table 3-6. Sources of Macro-Level Inputs

Population and Consumption Inputs:

Building Stock

Energy and Demand Forecasts

Economic Inputs:

Retail Rate Forecast

Avoided Costs

Avoided Cost Discount Rates

Program Inputs:

Administrative Costs

Past Program Accomplishments

Planned 2013-2014 Program Savings

California Energy
Commission's 2012
Integrated Energy
Policy Report

California Energy
Commission's 2012
Integrated Energy
Policy Report

California Energy
Commission's 2012
IEPR

TBD

CPUC Decision 12-05-
015; Discussion with
IOUs

2013-2014 10U Final
Compliance Filings
SPTdB 2006-Present

IOU 2013-14
Compliance Filings

Residential building stocks are based on number of
households. Commercial building stocks are represented
by 1,000 sq. ft. Industrial and agricultural building stocks
are represented by energy consumption. Projections past
2022 were calculated using the annual growth rate that
CEC used for 2010-2022.

Projections past 2022 were calculated using the annual
growth rate that CEC used for 2010-2022. Assumed mid-
demand case data.

Projections past 2022 were linearly extrapolated based
on the growth rate in the last two years of the IEPR
forecast.

TBD

Societal discount was assumed to be 3% based on
insight from PG&E and the Navigant team's judgment.

Costs and savings were mapped to their corresponding
sector and aggregated to calculate a cost ratio for each
sector and 10U.

Used the measure mapping to understand energy savings
claimed by use category and year for each 10U.

Used the measure mapping to understand energy savings
claimed by use category and year for each 10U.

Source: Navigant team analysis, 2013

3.2

Technical and Economic Potential Analysis

Estimates of technical and economic potential establish theoretical bounds for the analysis of market
potential for energy savings. Technical potential is the amount of energy savings that would be possible
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if all technically applicable and feasible opportunities to improve energy efficiency were taken, including
retrofit measures, ROB measures, and new construction measures.* The economic potential is defined as
the sum of the technical potential of all measures that pass a minimum level of cost-effectiveness. This
section describes the approach to calculating technical potential (Section 3.2.1) and economic potential
(Section 3.2.2) and how these approaches compare to those presented in the 2011 Potential Study (Section
3.2.3).

3.2.1 Calculation of Technical Potential

The PG Model uses a similar approach to calculating technical potential as described in the 2011
Potential Study. This section includes a restatement of that approach. Technical potential is calculated on
a per-measure basis, as the product of the savings per unit, the quantity of applicable units in each
building stock unit (i.e., residences, commercial floor space, and industrial energy consumption), and the
total building stock in each IOU service territory.

The full populations of baseline units are considered instantaneously available for both replace-on-
burnout and retrofit measures. The technical potential is calculated each forecast year. It accounts for
stock turnover assumptions, as described above, and changes to measure impacts over time. Building
stocks are treated differently for new construction, where the technical potential is a running cumulative
total for each year of the forecast. No net-to-gross adjustments occur with technical potential.

The main difference in methodology between the 2013 Potential and Goals Study and the 2011 Potential
Study is the treatment of competing measures when calculating technical potential.# In the 2013 PG
Model technical potential is defined by the most efficient technology within a group of competing
measures; in the 2011 Potential Study, technical potential was distributed amongst multiple competing
measures (with varying levels of efficiency). This is one contributing factor to the higher technical
potential in the 2013 Potential and Goals Study than the 2011 Potential Study.

3.2.2 Calculation of Economic Potential

The PG Model uses a similar approach to calculating economic potential as the 2011 Potential Study. The
remainder of this section includes a restatement of that approach.

Economic potential is an estimate of the technical energy efficiency potential that is “cost-effective” as
defined by the results of the Total Resource Cost (TRC) test. The TRC test is a cost-benefit analysis with a
societal perspective of relevant energy efficiency measures. It does not include market barriers such as
lack of consumer knowledge. The TRC is calculated using the following equation:

_ Benefits of Avoided Cost
" Technology Cost + Program Administrative Cost

TRC

4 The core measure list for this study is based on the DEER database, which is largely focused on cost-effective
measures. As such, the study may not have assessed some energy-saving measures that are not cost effective if they
were not included in DEER or in the list of emerging technologies included in the study.

# For additional information on competing measures, see Section 3.3.2.1.
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where

»  Benefits of Avoided Cost is the monetary benefit of energy and demand savings (e.g.,
avoided costs of generation, and transmission and distribution investments, as well as
avoided fuel costs due to energy conserved by energy efficiency programs).

»  Technology Cost is the incremental equipment cost to the customer; in the case of an early
retirement measure, the incremental equipment cost is equal to the full equipment cost.

»  Program Administrative Cost is the money spent by IOUs to fully administer energy
efficiency programs.>

Figure 3-6 includes a graphic representation of the costs included in the TRC test, which includes all
costs that flow outside of the utility/CPUC-customer system. Rebates and bill payments stay within the
utility/CPUC-customer system and are therefore not counted in the TRC calculation (i.e., they are
considered “transfer" payments).

Economic potential uses the same approach as for technical potential for the treatment of new
construction, ROB measures, and NTG issues.

Figure 3-6. Costs Included in the TRC Test

Employee

dmin Costs Sa]ary, Third
Parties

Increméntal Equipment Equipment
| Cost® Retailers

Sa)eqa

Note: * For retrofit measures, the PG Model uses full equipment cost.

% The Navigant team worked with the IOUs and CPUC to properly assess Program Administrative Cost using data
from the 2010-12 IOU programs. The IOUs report program costs in four different categories (Administrative,
Marketing, Direct Implementation, and Evaluation, Measurement, and Verification [EM&V]) and two different
program types (Resource and Non-Resource). The Navigant team worked with the IOUs to develop a common
framework for properly categorizing the costs for inclusion in the Program Administrative Cost.
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The TRC for each measure is calculated each year and compared against the measure-level TRC screen
threshold. If a measure’s TRC exceeds the threshold, that measure is included in the economic and
market potential. Otherwise, the measure is excluded from economic potential. Through this approach, it
is possible for a measure to initially be excluded from programs yet eventually be included in future
years as measures costs decrease over time. The TRC threshold varies by technology type as illustrated
in Table 3-7.

Table 3-7. TRC Screen Threshold (Mid-Energy Efficiency Scenario)

Measure Type TRC Threshold

Low Income 0
Emerging Technology ‘ 0.5
All Other Measures ‘ 0.85

Source: Navigant team analysis, 2013.

A reduced TRC threshold is applied to ETs to allow inclusion of those measures that are ultimately
expected to be cost-effective. The reduced ET threshold is applied only to measures that are estimated to
surpass the standard threshold at a period of ten years after the ET’s market introduction year. This
ensures that the portfolio is not including measures that are not expected to be cost effective after they
have passed the initial stages of market adoption.

The PG Model allows the user to independently set the TRC screen for emerging technologies or all
other non-low-income measures (e.g., from DEER, FEA, or work papers). The values of the TRC Screen
and the ET TRC Screen are variables on the user interface. The pre-set values for the TRC Screen and the
ET TRC Screen vary across the model scenarios and are defined in Section 3.3.4 and 3.3.5.

3.2.3 Comparison to 2011 Potential Study

As mentioned in the previous two subsections, the approach in the current PG Model is largely
consistent with that used for the 2011 Potential Study. The PG Model includes the following updates:

»  The PG Model has a revised approach that estimates the maximum technical potential for
competing measures.

»  The PG Model calculates technical and economic potential at the building type and climate zone
level, whereas the 2011 Potential Study performed these calculations at the IOU service territory
and sector level. The current PG Model can aggregate results to the levels reported by the 2011
Potential Study.

»  The PG Model assesses cost-effectiveness of ETs based on a reduced threshold and the
expectation that the ET would ultimately pass the standard TRC threshold. The 2011 Potential
Study did not include these dual criteria.
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3.3  Market Potential Analysis

The market potential analysis estimates the amount of IOU program savings that there is a reasonable
expectation that the market will achieve based on historic program participation, financial characteristics
of measures, saturation rates, and other factors. It includes IOU program savings and savings from codes
and standards over the forecast period. This calculation varies with program parameters, such as the
magnitude of incentive or rebates for customer installations and program design.

This section provides an overview of the key aspects of the market potential analysis:

»  Section 3.3.1 presents the theory underlying the market adoption model, key model inputs, and
user assumptions.

»  Section 0 discusses the approaches to modeling each of the key Policy Drivers, including codes
and standards, IOU rebates for individual measures, the Strategic Plan, and financing.

»  Section 3.3.3 presents the approach to addressing two key crosscutting issues: (1) accounting for
savings from IOU rebate programs, codes and standards, and whole-building approaches and
(2) the application of a variable incentive structure.

»  Section 3.3.4 outlines the approach used to conduct sensitivity and scenario analysis in the PG
model.
3.3.1 Key Frameworks for Market Potential Analysis
This section presents frameworks that are important for understanding the market potential analysis:
»  Section 3.3.1.1 describes the key model outputs.
»  Section 3.3.1.2 describes structure and theory that frame the analysis.

»  Section 3.3.1.3 describes the rationale for and approach to calibrating the model to historic IOU
program accomplishments.

»  Section 3.3.1.4 defines decay and outlines the approach used in the PG model.

»  Section 2.3.1.5 provides a discussion of the analysis of the low income sector
3.3.1.1 Market Potential Output

The primary output of the PG model is the energy efficiency savings that could be expected in response
to specific levels of incentives and assumptions about market influences and barriers. The 2013 Potential
and Goals Study reports three different types of market potential:

»  Incremental savings represent the annual energy and demand savings achieved by the set of
programs and measures in the first year that the measure is implemented.>' It does not consider
the additional savings that the measure will produce for the life of the equipment. A view of

51 CPUC. September 2004. Interim Opinion: Energy Savings Goals for Program Year 2006 and Beyond. Original
Goals Decision. D.04-09-060. http://docs.cpuc.ca.gov/word_pdf/FINAL_DECISION/40212.pdf. (p. 10).
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incremental saving is necessary in order to understand what additional savings an individual
year of EE programs will produce. This has been the basis for IOU program goals.

»  Cumulative savings represent the savings from previously installed energy efficiency measures
that are still active in the current program year as well as savings from measures installed
during the current program year.> This approach ensures that when an IOU-rebated measure
reaches the end of its useful life, it no longer provides savings. In other words, cumulative
savings include the cumulative effects of new measure installations, retirements, and the timing
effects of codes and standards that become effective after measure installation. Cumulative
savings do not assume automatic reparticipation at the end of a measure life and provide an
accurate view of the savings that are “active” in each year.”® Cumulative savings are necessary to
forecast energy savings for demand resource planning.

»  Life-cycle savings refer to the expected trajectory of savings from an energy efficiency measure (or
portfolio of measures) over the estimated useful life of the measure(s), taking account of any
natural decay or persistence in performance over time.  Whereas cumulative savings are a
backward look at all measures installed in the past producing current savings in a given year,
life-cycle savings accounts for all future savings from measures installed in a given year and
counts those future savings in the year of installation. Life-cycle savings is used in the cost-
effectiveness evaluations and may be an appropriate basis for IOU program goals.

3.3.1.2  Model Structure and Underlying Theory

The Navigant team developed the PG Model to analyze savings from all primary Policy Drivers using a
single platform.% This integrated modeling approach enables analysis of the complex interactions among
various inputs and Policy Drivers. This approach also streamlines scenario analysis by controlling all
model assumptions and inputs from a single user interface.

The model simulates technology adoption through two mechanisms: compliance and voluntary
adoption. Compliance adoption refers to adoption resulting from codes and standards (as discussed in
Section 3.3.2.2). Voluntary adoption refers to adoption resulting from customer decisions to adopt
efficient technologies over base technologies in the market based on their financial costs and benefits.

52 Ibid.

5 The approach taken to estimate cumulative savings in the 2013 Potential and Goals Study does not simply
accumulate first-year incremental savings and therefore does not require an explicit decay assumption. (See section
3.3.1.4 for a definition of decay.) Rather, market conditions drive adoption upon retirement and decay is implicit in
the calculation.

5 Ibid.

% Policy Drivers include IOU rebates for individual measures; C&S; the Strategic Plan, AB 758, and whole-building
initiatives; financing; and IOU behavior programs.
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Figure 3-7 shows the three-step process that the PG Model uses to calculate market potential from
voluntary adoption.

Figure 3-7. Three-Step Approach to Calculating Market Potential from Voluntary Adoption

Step 1: Determine Annual Installation Decisions

Step 2: Simulate Measure Adoption

/_\

Measure Measure Measure Measure
Screen Awareness Willingness Adoption

Step 3: Estimate Savings, Benefits & Costs

Source: Navigant team analysis, 2013.

In the first step, the PG Model calculates the number of installation decisions expected to occur for each
measure in a given year. There are two types of installation decisions: replace-on-burnout decisions,
which a customer makes at the end of a measure’s life, and early replacement decisions, which a
customer may make to replace a measure before it is burned out due to, for instance, a building retrofit.
The model can apply either decision type (i.e., replace on burnout or retrofit) for each measure
depending on the treatment of the measure in its source files (e.g., DEER, work papers, and FEA).5
Technology stocks are simulated for base and efficient technologies separately to account for EUL
differences, and all early replacement measures are eligible for replacement by a more efficient measure
one year after installation. The number of adoption decisions that may occur in a given year is
considered the “eligible population.” This calculation depends on the total building stock population,

5% Each measure’s life is defined as the effective useful life; this measure characteristic is based on DEER, FEA, or
work papers as appropriate.

5 Replace on burnout was the default assumption when source files did not specify a decision type. MICS Online
includes full documentation of this assumption for each measure.
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technology saturation (i.e., density) data, type of installation decision, and technology burnout rates (i.e.,
based on EUL).

In the second step, the PG Model simulates the adoption of each measure that passes a basic TRC screen
in a given year.5> The measure screen requires that measures meet or surpass a minimum TRC threshold
ratio; this ratio differs for existing technologies and emerging technologies.®® Measures that pass the TRC
screen are then included in the economic potential (as described earlier in Section 3.1). The PG Model
considers the number of installation decisions that may occur in that year, the estimated level of
awareness of the measure in the eligible population, and the average willingness to adopt each measure
that passes the TRC screen. Awareness is a comprehensive term that indicates that the customers are
aware of the efficient technology, understand its financial attributes, and would consider adopting it.
Willingness indicates the likelihood that an aware customer will adopt the efficient measure based on its
financial attributes.

The model employs a dynamic Bass Diffusion approach to simulate market adoption, as illustrated in
Figure 3-8.

»  Marketing, education, and outreach (ME&QO) moves customers from the unaware group to the
aware group at a consistent rate annually. Unaware customers, as the name implies, have no
knowledge of the energy efficient technology option. Aware customers are those that have
knowledge of the product and understand its attributes. ME&O may be conducted by IOUs or
by other groups, including manufacturers and distributors of the product. An increase in the
amount of effective ME&O can result in an increase in the rate of customer movement from the
unaware to aware groups resulting in linear growth. ME&O is often referred to as the
“Advertising Effect” in Bass Diffusion modeling.

»  Word of mouth represents the influence of adopters (or other aware consumers) on the unaware
population by informing them of efficient technologies and their attributes. This influence
increases the rate at which customers move from the unaware to the aware group; the word-of-
mouth influence occurs in addition to the ongoing ME&O. When a product is new to the market
with few installations, often ME&O is the main source driving unaware customers to the aware
group. As more customers become aware and adopt, however, word of mouth can have a
greater influence on awareness than ME&O, and leads to exponential growth. The exponential
growth is ultimately damped by the saturation of the market, leading to an S-shaped adoption
curve, which has frequently been observed for efficient technologies.

»  Willingness is the key factor affecting the move from an aware customer to an adopter. Once
customers are aware of the measure, they consider adopting the technology based on the
financial attractiveness of the measure. The PG Model applies a levelized measure cost to assess
willingness; the levelized measure cost considers upfront cash outflows as well as cash outflows

3Frank Bass. 1969. “A new product growth model for consumer durables.” Management Science 15 (5): 215-227.
% John Sterman. 2000. Business Dynamics: Systems Thinking and Modeling for a Complex World. McGraw-Hill.
6 Section 3.3.4 includes additional information about the values used for these screens in the different scenarios.
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that occur over time (e.g., energy costs).®* IOU rebates and financing are factored in at this step;
both increase the financial attractiveness of measures, thus improving customer willingness to
purchase efficient technologies.

Figure 3-8. The PG Model Uses a Dynamic Approach to Calculating Measure Adoption
............... } ...............)

Unaware =ﬁ= Aware =ﬁ= Adopters

Word of
Mouth

Source: Adapted from Sterman, 2000.

The PG Model applies a levelized measure cost approach rather than simple payback analysis to more
appropriately capture the impacts of EE financing on market adoption. Simple payback is based on the
time required for the investment to pay for itself (without discounting). The levelized measure cost
approach is based on the present value of the cost of purchasing and operating the equipment
throughout its EUL. The advantages of using the levelized measure cost approach are that it is more
effective in capturing the effects of EE financing and it more easily allows competition of multiple
measures with different EULs for each end use. This approach also applies best practices in predicting
consumer behavior using a logit decision-maker approach.®? 6

In Step 3 (from Figure 3-7), the PG Model calculates the energy savings and corresponding costs and
benefits resulting from measure adoption decisions in Step 2. The PG Model calculates measure savings
relative to the appropriate baseline efficiency; in some cases (such as replace on burnout), the baseline is
set by a code or standard, and in other cases (retrofit applications or any measure that is not regulated by
an efficiency standard) it is set by the average product attributes of the currently installed baseline. For
early replacement technologies, the baseline may shift multiple times due to both future changes in
codes and standards as well as the assumed installations that would have otherwise occurred at the end
of the remaining useful life; this is sometimes referred to as a dual baseline approach.

61 The levelized measure cost approach uses a discounted cash flow analysis to determine the present value of cash
flows over the life of the measure; this present value of cash flows is levelized by the consumer-implied discount
rate over the EUL to determine levelized measure cost.

©2D. McFadden and K. Train 2000. “Mixed MNL Models for Discrete Response,” Journal of Applied Econometrics 15,
no. 5: 447-470.

63 K. Train. 2003. Discrete Choice Methods with Simulation, Massachusetts: Cambridge University Press.

65
2013 Potential and Goals Study
Final Report.



NAVIGANT

3.3.1.3  Model Calibration

Like any model that forecasts the future, the PG model faces challenges with validating results, as there
is no future basis against which one can compare simulated versus actual results. Calibration, however,
provides both the developer and recipient of model results with a level of comfort that simulated results
are reasonable. Calibration is intended to achieve three main purposes:

»  Anchors the model in actual market conditions and ensures that the bottom-up approach to
calculating potential can replicate previous market conditions

»  Ensures a realistic starting point from which future projects are made
»  Accounts for varying levels of market barriers across different types of technologies

The PG Model is calibrated by reviewing portfolio data from 2006 up through the 20132014 IOU
compliance filings to assess how the market has reacted to program offerings in the past. The Navigant
team reviewed ex-post EM&V data from 2006-2009 and ex ante data from 2010-2012 in addition to the
compliance filing data. The Navigant team used the calibration data to adjust willingness and awareness
parameters that drive measure adoption over the modeling period. This calibration method (a) tracks
what measures have been installed or planned for installation over an historic eight-year period and (b)
forecasts how remaining stocks of equipment will be upgraded, including the influence of various
factors such as new codes and standards, emerging technologies, or new delivery mechanisms (e.g.,
financing or whole-building initiatives). This calibration approach is not applied to emerging
technologies, as there is no historical basis to adjust future adoption for these technologies.

Figure 3-9 provides a conceptual illustration of how the calibration process affects market potential.

Figure 3-9. Conceptual Illustration of Calibration Effects on Market Potential
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Source: Navigant team analysis 2013.
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Calibration can limit market potential for measures when aligning model results with past IOU energy
efficiency portfolio accomplishments. Although calibration provides a reasonable historic basis for
estimating future market potential, past program achievements may not perfectly indicate the full
potential of future programs. Calibration can be viewed as holding constant certain factors that might
otherwise change future program potential, such as:

»  Consumer values and attitudes toward energy efficient measures
»  Program efficacy in delivering measures
»  Program budgets and priorities

Changing values and shifting program characteristics would likely cause deviations from market
potential estimates that are calibrated to past program achievements.

3.3.14  Treatment of “Decay”

“Decay” is an adjustment to cumulative market potential when cumulative potential is calculated by
accumulating first-year incremental savings over past program years. When an IOU-rebated measure
reaches the end of its effective useful life, it no longer saves energy. “Decay” describes the customer
choice point to replace a high-efficiency measure that reached the end of its useful life with the original
baseline measure as opposed to installing the exact same high-efficiency measure as before. In this case,
savings from the originally installed efficiency measure are discontinued.

The CPUC assumes that IOU energy efficiency program efforts result in some degree of market
transformation, changing consumption habits and preferences. Specifically, the CPUC has stated, “until
EM&V results inform better metrics, utilities may apply a conservative deemed assumption that 50% of
savings persist following the expiration of a given measure’s life.” This assumption means 50 percent of
energy efficient measures that reach the end of their useful are actually replaced with the same energy
efficient measure (i.e., consumers “reinstall” the measure and continue the savings), while the other 50
percent of previously installed program measures "regresses" to the existing baseline (and is therefore
available to IOU programs as new potential).

The PG Model advances existing assumptions about reinstallation rates by using the dynamic Bass
Diffusion model to estimate reinstallation rates in each future year as opposed to applying a constant
reinstallation rate of 50 percent across all measures in all future years. The PG Model assumes consumers
reinstall measures at a rate consistent with uptake among new installers who are upgrading from
baseline equipment. This maintains a conservative treatment of decay since previous adopters would
typically be more likely to reinstall the efficient measure than a new adopter would be to switch to the
new efficient measure.

¢ CPUC Decision 09-09-047 http://docs.cpuc.ca.gov/PUBLISHED/GRAPHICS/107829.PDE.
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3.3.1.5  Analysis of the Low Income Sector

Analysis of savings from the Low Income in the PG Model remains unchanged from the 2011 Potential
Study. Details on the analysis and assumptions regarding Low Income analysis can be found in section
4.5.4 of the 2011 Potential study. The study modeled savings potential for the low-income market based
on savings estimates provided by the IOUs and the 2007 Low-Income Needs Assessment. The 2011
Potential Study made assumptions (vetted with the IOUs and the CPUC) as to the expected number of
Low Income participants in each year during the study period. The number of participants gradually
decreased from its peak (2010-2013 depending on the utility) to nearly zero by 2024. PG Model reflects
this same set of assumptions.

3.3.2  Analysis of Policy Drivers

The 2013 Potential and Goals Study uses five primary Policy Drivers as the foundation of its analytical
approach. These Policy Drivers provide a structure for considering the forces that drive the adoption of
energy efficient measures. Understanding the extent to which these forces influence market adoption of
energy efficiency can inform decisions about how to allocate resources to support deeper adoption of
energy efficiency in California. The remainder of this section provides high-level descriptions of the
approaches used to develop savings estimates for each of these Policy Drivers:

» 10U Portfolio Interventions (Section 3.3.2.1)
»  C&S (Section 3.3.2.2)

»  Whole-building Initiatives (Section 3.3.2.3)
»  Financing (Section 3.3.2.4)

» 1OU Behavior Programs (Section 3.3.2.5)

3.3.21 IOU Portfolio Intervention: IOU Rebates for Individual Measures

IOU portfolio interventions include the rebates that IOUs offer on individual measures through their
existing portfolio of energy efficiency programs.® This section of the report and module in the model
relate to voluntary market adoption in the presence of these rebates for individual, unbundled measures.

CALCULATING SAVINGS FROM IOU PORTFOLIO INTERVENTIONS

The PG Model calculates savings from IOU rebates using the underlying theory discussed in Section
3.3.1.2. Using a bottom-up approach, the PG Model builds on market saturation estimates, forecasts of
new construction, energy efficiency technology data, past program savings, and market decision-making
variables.® Separate simulations take place within each IOU service territory, which means that adoption
of a given measure may proceed more quickly in one service territory than another in some cases.

% Analysis of IOU rebates for bundled measures (e.g., through Energy Upgrade California) and financing of energy
efficiency measures will be addressed separately in the discussions about the Strategic Plan (Section 3.3.2.3) and
about financing (Section 3.3.2.4).

% A few selected measures use modified approaches to calculating measure adoption. The approaches used for these
measures in the 2013 Potential and Goals Study are consistent with those used in the 2011 Potential Study.® These

68
2013 Potential and Goals Study
Final Report.



NAVIGANT

Type of Measure Adoption. Measure adoption is considered at three points in the life of a base
technology:

»  Replacement on Burnout: An energy efficiency measure is implemented after the existing
equipment fails.

»  Retrofit: An energy efficiency measure that can be implemented immediately. The lifetime of the
base technology is not a factor, as retrofit measures generally do not replace existing
technologies but rather improve the efficiency of existing technologies. The energy impact is
therefore the amount of that improvement.

»  New Construction: A measure is installed at the time that a new building is constructed.

Competition Groups. The market adoption methodology considers that some efficient technologies
will compete against each other for the same installation.” For example, a consumer may adopt a
SEER 13, SEER 15, SEER 18, or SEER 21 HVAC unit. The sum of all of these adoptions in a given
year cannot exceed 100 percent of the market in that year; thus, the model considers that they are
competing with one another for adoption in a given year. The model uses the levelized measure
cost as a basis for assessing consumer decisions regarding which technology to adopt; this
approach also accounts for differing lifetimes of the competing technologies.

General characteristics of competing technologies used to define competition groups include the
following:

»  Competing technologies share the same or similar base technology.

» Installation of competing technologies is mutually exclusive —installing one precludes
installation of the others for that application.

»  The base technology densities of competing efficient technologies are the same.
»  The total maximum densities of competing efficient technologies are the same.

» Competing measures are “generally interchangeable.” For example, it may be possible that split
and package AC units would both be considered upon any AC unit burnout, but they are not
easily interchangeable and therefore do not compete for most installations. Their competition is
not as direct as for differing SEER values for each AC configuration, especially since switching
costs of installation would vary substantially.

3.3.2.2  Codes and Standards

Codes and standards are implemented and enforced either by federal or state governmental agencies.
Codes regulate building design, requiring builders to incorporate high-efficiency measures. Standards

measures are residential appliance recycling (i.e., refrigerators), residential and commercial behavior-based energy
savings potential, and residential low-income measures.

7 The 2013 PG Study defines “competition” narrowly as competing for the same installation (e.g., SEER 15 vs. SEER
18) rather than broadly such as competing for the same savings (e.g., thermostat vs. SEER 18) or competing for the
same budget (e.g., lighting vs. space conditioning).
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set minimum efficiency levels for newly manufactured appliances. The Navigant team assessed energy
savings potentials for three types of C&S:

»  Federal appliance standards
»  Title 20 appliance standards
»  Title 24 building energy efficiency code

C&S can be counted on to deliver energy savings, as they are required by law. Implementation of other
voluntary standards (e.g., standards set by the American Society of Heating, Refrigerating and Air-
Conditioning Engineers [ASHRAE] and various green building standards) cannot be easily predicted
and, therefore, are not included in this study. This treatment is consistent with the current CPUC
policies on IOU C&S programs.® This section includes an overview of the analysis completed as part of
the 2013 Potential and Goals Study. Forthcoming appendices will include additional detail on the
analytical and modeling approaches.

C&S program energy savings are generated from both currently adopted standards as well as future
standards that will be adopted. Depending on adoption status of standards, they are classified into three
different policy views for scenario analysis: On-the-Books, Expected, and Possible standards. Different
levels of information are available for these three types of standards and the corresponding energy
savings have different levels of uncertainties.

»  On-the-Books C&S include all codes and standards that have been passed into state or federal
law. Relevant agencies already enforce many of these C&S and will enforce others as they come
into effect in the near future. These C&S have high certainty to generate savings.

»  Expected C&S are those currently undergoing regulatory rulemaking processes and are expected
to be adopted in the near future. The adoption of these standards has a lower level of certainty
than On-the-Books C&S, as the exact standard requirements have not been finalized. Therefore,
the amount of potential energy savings is still uncertain.

»  Possible C&S are in the process of being considered by government agencies. The Navigant
team made several assumptions in the analysis as these C&S have little documentation from
state or federal agencies. As such, these C&S have the lowest certainty of all the C&S modeled.

% Much of the savings from voluntary standards will be achieved through voluntary IOU programs; these savings
are inherently included in the IOU potential portion of the PG Model.
¢ CPUC D.09-09-047, http://docs.cpuc.ca.gov/PUBLISHED/GRAPHICS/107829.PDEF.
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Table 3-8 summarizes the categories of C&S modeled as part of this study.

Table 3-8. Summary of Coverage of Codes and Standards by Policy View

Relative Level

Policy View Description of Certainty Initiatives Modeled in This Category
On-the- Already adopted C&S »  Title 20 (2005, 2006, 2008, 2009,
Books Compliance dates have been set. High 291 1)
Initiatives »  Title 24 (2005, 2008, 2013)
»  Select federal appliance standards
In the process of being adopted; not »  Title 24 (2016)
Expected | yetalaw Medium »  Future Title 20
Initiatives | Compliance dates and efficiency »  Enhanced C&S compliance for Title
levels are generally agreed upon. 24, Title 20 and federal standards
Have not been adopted »  Post-2016 updates to Title 24 (2019,
Possible , - L 2022)
Initiatives Compliance dates and efficiency level ow
may be uncertain. » Al future updates to federal

appliance standards

Note: The Relative Level of Uncertainty column indicates the amount of uncertainty associated with the measure-level source of the
savings and timing of the policy’s implementation.
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CALCULATING SAVINGS FROM CODES AND STANDARDS

Codes and standards affect IOU energy efficiency programs in two different ways. Codes and standards
increase energy savings because they require customers to install high-efficiency measures in lieu of
baseline equipment. The mandates can cause markets (a) to achieve higher levels of adoption and (b) to
achieve those levels faster than possible in the absence of the legal mandate.

However, codes and standards also reduce the savings potential from traditional IOU rebate programs.
C&S updates increase the baseline efficiency of utility-rebated measures, thus reducing the savings that
IOUs can claim as a result of the rebate. The effects of state and federal standards on voluntary programs
were quantified by the percentage impact to unit energy savings of affected voluntary program
measures.

This study calculates the estimated savings of codes and standards on both a gross and net basis:

»  Gross C&S Savings are the total energy savings estimated to be achieved from the updates to
codes and standards since 2006. Gross savings are used to inform demand forecasting,
procurement planning, and tracking against greenhouse gas targets.

» Net C&S Program Savings identify the portion of the total codes and standards savings that can
be attributed to the advocacy work of the IOU’s C&S program. Net savings calculations account
for naturally occurring market adoption (NOMAD) of code-compliant equipment and utility
attribution factors. The study includes the net program savings in order to inform the IOU-
specific goals for portfolio planning.

The energy savings potential of the IOU C&S advocacy program are determined by Annual Net C&S
Program Savings and Cumulative Net C&S Program Savings, which are defined based on the C&S
energy savings defined in the CPUC 2006-2008 C&S program evaluation report,” as shown in Figure
3-10.

»  Annual Net C&S Program Savings are the energy savings attributed to IOU C&S programs
from incremental installation of measures that comply with energy efficiency standards each
year. They were calculated according to the definition of Net C&S Program Savings shown in
Figure 3-10. This definition accounts for all C&S energy savings factors, including compliance
rate, NOMAD, and utility attribution. Two types of measure installation are considered as
incremental installation: 1) the new installation associated with new construction or first-time
appliance purchase and 2) the first “replace-on-burnout” replacement after effective date of a
corresponding standard.

»  Cumulative Net C&S Program Savings are the energy savings attributed to IOU C&S programs
from all incremental installations since 2006. These are attributable to the IOUs as a result of
their advocacy work and technical support necessary to develop measures through a market

70 Final Evaluation Report, Codes & Standards (C&S) Programs Impact Evaluation, California Investor Owned
Utilities” Codes and Standards Program Evaluation for Program Years 2006-2008. Prepared by KEMA, Inc., The
Cadmus Group, Inc., Itron, Inc., and Nexus Market Research, Inc. Utilities” Codes and Standards Program
Evaluation for Program Years 2006-2008. Prepared by KEMA, Inc., The Cadmus Group, Inc., Itron, Inc., and Nexus
Market Research, Inc.
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adoption process that results in a measure being incorporated into code. They were calculated as
the sum of Annual Net C&S Program Savings from 2006 to the year of interest.

Detailed modeling of Annual Net C&S Program Savings and Cumulative Net C&S Program Savings
were based on an Excel tool used by the CPUC to develop the 2010-2012 C&S program evaluation plan.
The Navigant team replicated the methodology and inputs of this tool in its potential study model for
use in this study. Additional modifications to the methodology were made according to the treatment of
savings from replace-on-burnout measures defined in this study.

Figure 3-10. Definitions of C&S Program Gross and Net Savings
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Source: CPUC 2006-08 C&S Program Evaluation Report.

The 2011 Potential Study also analyzed the impact of C&S. This study continues to use the same
methodology as the 2011 Potential Study but updates the scope of C&S included in calculations. Table
3-9 compares how standards have been treated in the 2011 Potential Study and in this study.

Table 3-9. Comparison of C&S Treatment in 2011 and Post-2014 Potential and Goals Study

2011 Potential Study 2013 Potential and Goals Study
Impact to
Standards Voluntary C&S Program
Group Programs Savings Impact to Voluntary Programs C&S Program Savings
2005, 2008, 2013, 2016, 2019, and 2022 Title 24;
Title 24 2005, 2008, and 2013 Title 24 Compliance improvement scenarios included in C&S Program
Savings
Title 20 2005, 2006, 2008, 2009, and 2011 2005, 20086, 2008, 2009, and 2011
Title 20 Title 20 and select future Title 20 Standards
Federal Existing federal Existing federal standards
Avpliance All adopted standards All adopted federal standards plus reported by IOU C&S
PP federal standards | reported by IOU future federal standards Programs and updates to
Standards
C&S Programs these reported standards

Source: Navigant team analysis 2013.
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Additional details on the inputs used to model the effects of C&S on IOU programs can be found in
Appendix D.

3.3.2.3  Strategic Plan, AB 758, and Whole-Building Initiatives

The Strategic Plan sets a statewide roadmap for 2009 to 2020 and beyond, to reduce energy use and
maximize clean energy sources. CPUC spearheaded the development of the Strategic Plan and first
released and adopted it in September 2008 with the support from the Governor’s Office, the CEC, the
CARB, the state’s utilities, local government, and others. It contains detailed goals targeted at different
economic sectors, addressing a cross section of technologies, and employing various approaches to
reaching the market.

The Strategic Plan is a 128-page document organized around 11 focus areas. The Navigant team
categorized these 11 focus areas into those that address specific sectors, technologies that cut across
sectors, and other approaches to accessing the market, as illustrated in Figure 3-11.

Figure 3-11. Organization of Strategic Plan
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Source: Navigant team analysis 2013.
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The focus of the Navigant team’s analysis was on the Implementation Plan section, specifically on the
strategies that are tied to the goals. Figure 3-12 illustrates the relationship between goals, strategies, and
actions as they exist in the Strategic Plan. There are a total of 34 goals and 135 strategies. Each goal has
one or more strategies associated with it; each strategy has one or more short-, mid-, and long-term

actions.

Figure 3-12. Core Aspects of Strategic Plan Analyzed

Sector/
Technology/
Market Access

Goal #1 Goal #2
Strategy A Strategy B Strategy A Strategy B

Short-Term Short-Term Short-Term Short-Term
Action Action Action Action
Mid-Term Mid-Term Mid-Term Mid-Term
Action Action Action Action
Long-Term Long-Term Long-Term Long-Term
Action Action Action Action

Source: Navigant team analysis 2013.

The Navigant team employed a two-step process to analyze the Strategic Plan and identify priority

goals, which should be analyzed for energy efficiency potential.

»  Step 1: Creating a Strategic Plan Assessment Database. The assessment database applied a
classification framework for the Strategic Plan. It facilitates understanding of the Strategic Plan
as a whole or at more granular levels (i.e., goals or strategies). The framework categorizes each
strategy along 25 categories that can be rolled up into 4 broader categories (Basic Information,
Policy Prioritization Factors, Market Segments Affected, and Technologies/ Measures Affected).
The Navigant team reviewed and classified each initiative according to various criteria laid out
in the framework. Ultimately, this took the form of an Excel database, which allowed the
Navigant team to sort, filter, and reference the data. It also facilitated scoring the strategies to

determine the most influential, as described in Step 2.
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»  Step 2: Identifying the Most Influential Strategies. A scorecard was developed to identify the
most influential goals for driving energy savings. The scorecard consists of eight criteria on
which each strategy was scored. Most of the criteria correspond directly to the Strategic Plan
assessment described in Step 1. Each criterion’s score was weighted based on its relative
importance to creating energy savings. Table 3-10 shows the criteria and corresponding
weightings.”!

Table 3-10. Criteria in Scorecard and Corresponding Weights

Category Relative Weights Example Scoring Criteria

Type of Intervention
Number of Sectors Affected
HIMs Impacted
Impact of Technology 3.5 MOlIs Impacted
ETs Impacted
Action Plan Developed
CPUC Priority 2.0 Related to Programmatic Initiative
Champion Identified

Reach of Intervention 2.0

Total Points Possible 75

Source: Navigant team analysis, 2013.

71 The scorecard also included a pre-screen to exclude any strategies that did not have energy savings as the primary
goal. The assessment phase revealed that some Strategic Plan goals were targeted at aspects that are connected to
energy savings, but do not lead directly to energy savings themselves. For example, “Coordinate phase-out of utility
incentives for CFLs.”
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Following the scoring of the strategies, the Navigant team presented the top ten goals to the CPUC for
consideration. The Navigant team selected these top goals based on: (1) the total number of points
earned by all of the strategies that made up a goal and (2) the average number of points earned by the
strategies that made up each goal. CPUC selected four goals that would be the most valuable to study
further. Table 3-11 includes a list of the four Strategic Plan goals selected for modeling that are expected
to drive the future of whole-building initiatives in California.

Table 3-11. Strategic Plan Goals Relating to Whole-Building Initiatives

Abbreviated Goal Complete Goal

Transform home improvement markets to apply whole-house energy solutions to existing homes. The

Existing Homes Residential Energy Upgrade California program has very similar objectives to this goal.

50% of existing buildings will be equivalent to zero net energy (ZNE) buildings by 2030 through
Existing Buildings | achievement of deep levels of energy efficiency and clean distributed generation. The Commercial
Energy Upgrade California program has very similar objectives to this goal.

Ze%’:ﬁﬁﬂ:{ 9| Residential new construction will reach ZNE performance (including clean, on-site distributed
- generation) for all new single- and multi-family homes by 2020.
Buildings
Ze(r:c:)rl:lﬁjzgrlgy New construction will increasingly embrace zero net energy performance (including clean, distributed
Buildings generation), reaching 100% penetration of new starts in 2030.

Source: California Energy Efficiency Strategic Plan Update, 2011.

These whole-building initiatives aim to deliver savings to residential and commercial customers as a
group of multiple efficiency measures that are simultaneously installed. Whole-building initiatives
modeled include both the new construction market and the retrofit market for residential and
commercial buildings.

»  New Construction: Whole-building initiatives that aim to influence the design and construction
stage of a residential or commercial construction project to install multiple efficiency measures
that exceed minimum requirements for Title 24 building code. This is intended to model the
effects of programs such as Savings by Design and the California Advanced Homes Program.
Varying levels of savings are possible ranging from simply exceeding code by 15 percent to
constructing a ZNE home or building.

»  Retrofit: Whole-building initiatives that aim to influence the whole-house and whole-building
renovation projects to install multiple efficiency measures at the time of renovation. This is
intended to model the effects of programs and initiatives such as Energy Upgrade California and
AB 758. Varying levels of savings are possible depending on the level of investment.
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CALCULATING SAVINGS FROM WHOLE-BUILDING INITIATIVES

The whole-building modeling approach uses the same underlying methodology for market adoption as
is used to estimate IOU Portfolio Intervention (see section 3.3.2.1). A simple illustration of the method is
shown in Figure 3-13. Additional details on the adoption methodology are provided in Section 3.3.1.2.

Figure 3-13. Illustrative IOU Portfolio Intervention Modeling Methodology

Generalized Market Potential Methodology
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Source: Navigant team analysis 2013.

In the case of whole-building initiatives, the “measure” is characterized for the building retrofit or house
retrofit rather than for specific end uses. The measure savings is equal to the total building energy
savings that could be achieved by an average building participant. The measure cost is equal to the total
equipment and installation cost for the whole energy efficiency upgrade. The whole-building measures

included in the PG model are listed below in Table 3-12.
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Table 3-12. Whole-Building Measures Modeled

Whole-Building Measure Name

Commercial New Construction Level 1
Commercial New Construction Level 2
Commercial New Construction Level 3

Commercial New Construction ZNE

Commercial Renovation Level 1
Commercial Renovation Level 2
Residential New Construction Level 1
Residential New Construction Level 2
Residential New Construction Level 3
Residential New Construction ZNE

Residential Renovation Energy Upgrade CA -
Basic Path (MF only)

Residential Renovation Energy Upgrade CA -

Efficiency Level Achieved

| 2008 T24 Compliant Building

2013 T24 Compliant Building
19% less energy use than 2013 T24 building

Zero Net Energy Building (35-60% less energy than 2008 T24
building)

20% less energy use than an average existing building

35% less energy use than an average existing building

2008 T24 Compliant Home

2013 T24 Compliant Home

2013 T24 Stretch Goal Compliant Home

Zero Net Energy Home (40-50% less energy than 2013 T24 home)

5-10% less energy use than an average existing home

15-20% less energy use than an average existing home

Flex Path (SF Only)

Residential Renovation Energy Upgrade CA -

0 -
Advanced Path (SF Only) 30% less energy use than an average existing home

Source: Navigant team analysis 2013.

The Navigant team developed estimates of energy savings and costs for each whole-building measure
listed in Table 3-12 using input data from various sources, including the following;:

» Navigant team analysis of CEC Title 24 building code analysis” provided data to characterize
commercial and residential New Construction Level 1-3.

»  Energy Upgrade California (EUC) residential program reports and CPUC analysis” of those
reported savings provided data for the three residential Renovation Energy Upgrade CA
measures.

»  PG&E’s technical feasibility of ZNE study?* provided data for both residential and commercial
ZNE measures.

»  Navigant team analysis of retrofit whole-building savings and costs provided the data for
Commercial Renovation Level 1 and 2.

722013 Title 24 CASE Analysis and CEC Analysis as presented at CEC pre-rulemaking workshop on July 15, 2011.
Package A3.

73 CPUC. Advanced Path Disposition Cover Letter. March 2013.

7 ARUP. The Technical Feasibility of Zero Net Energy Buildings in California. Prepared for PG&E. December 2012.
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The Navigant team assembled two bundles of conventional measures for Commercial Renovation Level
1 and 2 to determine the representative savings achievable from an average commercial renovation
participant. These bundles leveraged conventional and emerging technology measure data found in the
MICS. Bundle assembly accounted for reduced savings due to interactive effects across end uses (e.g.,
the impact of efficient lighting on space conditioning) and within end uses (e.g., the tiered effect of
installing HVAC equipment and insulation equipment at the same time). Additional details on the
methodology for whole-building measures and detailed sources of data for new construction, Energy
Upgrade CA, and ZNE whole-building initiatives can be found in Appendix E.

Modeling whole-building measures required ensuring that savings are not double-counted across
whole-building measures and individual measures. The Navigant team applied an approach whereby
customers that participate in a whole-building initiative have made their maximum desired investment
in energy efficiency and subsequently do not purchase any individual energy efficiency measures
beyond those in the bundle. For example, consider a residential customer who renovates their home
through Energy Upgrade California, which includes building shell and HVAC equipment upgrades. The
model assumes that the homeowner chooses not to make any additional individual HVAC or building
shell efficiency investments. This remains the case for the next 20 years (i.e., the applied EUL of the
whole-building measure installed). The PG Model reflects this by removing whole-building participants
from the general population of eligible participants for individual measures for the remaining duration.
By doing so, the model ensures that savings from whole-building participants are not double-counted
with individual measure participant savings.

3.3.24  Financing

The goal of the PG Model with respect to financing is to estimate the incremental effects of introducing
EE financing on energy efficiency market potential and how shifting assumptions about financing affect
the potential energy savings. Financing has the potential to break through a number of market barriers
that have limited the widespread market adoption of cost-effective EE measures. This is demonstrated
by positive results from the On-Bill Financing (OBF) and American Recovery and Reinvestment Act of
2009 (ARRA)-funded EE financing programs.

The CPUC has recently provided direction to the IOUs on EE financing in various proceedings.” Energy
efficiency financing is now considered a resource program; this framework holds the IOUs accountable
for tracking savings from the financing programs. The goals for the EE Financing Program include the
following?6:

»  Overcome the first cost of EE upgrades
»  Leverage ratepayer funds by bringing in additional private capital
» Increase sales of energy efficient products and services

»  Reach a broader set of customers and market segments

75 CPUC Decision 12-05-015, May 8, 2012 and Decision Approving 2013 -14 Energy Efficiency Programs and Budgets,
October 9, 2012.
76 Harcourt Brown & Carey, Inc. 2011. “Energy Efficiency Financing in California Needs and Gaps.” July 8, 2011.
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»

Encourage customers to invest in projects that achieve deeper energy savings

Key challenges associated with modeling the incremental effects of EE financing on market potential
include the following:

»

»

»

»

The impacts of EE financing are difficult to predict due to lack of robust historical data.

Wide-scale deployment has not yet occurred in California, so it is not clear how pilot program
results should be applied.

Traditional “payback acceptance” approaches for estimating market potential do not accurately
capture the full benefits of EE financing (e.g., avoiding upfront costs and reduced market
barriers).

Currently, there are no established best practices to incorporate financing into EE potential
models.

Figure 3-14 displays the expected change in market adoption of energy efficient technologies as a result
of introducing EE financing to the market.
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Figure 3-14. Effect of Introducing EE Financing on Market Adoption
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IMPLIED DISCOUNT RATES

The iDR is the effective discount rate that consumers apply when making a purchase decision. It is the
amount the customer is willing to pay for an EE investment, given all factors in the consumer’s decision.
Whereas the standard discount rate only considers the financial trade-off between the upfront cost
relative to the longer-term savings, the implied discount rate also considers non-financial attributes.
Table 2-13 captures the different elements that are captured by each type of discount rate.

Table 3-13. Components of Standard and Implied Discount Rates

_ Decision-Maker Time Value of Money Market Barriers

Lack of access to capital, split incentives,

Financial trade-off between upfront cost and . ! R .
information search cost, liquidity constraint,

Examples of factors longer-term savings using a discount rate that

considered ; . and the effort required to secure external
closely aligns with market rates of return capital
Accounted for in standard
. Yes No
discount rate?
Accounted for in implied Yes Yes

discount rate?

Source: Gillingham, Newell, and Palmer. 2009. “Energy Efficiency Economics and Policy,” Prepared for Resources for the
Future.

Peer-reviewed research demonstrates that the discount rate that consumers apply to EE purchases is
higher than market interest rates.”” The higher iDR applied to energy efficiency purchases indicates that
the consumer accounts for a range of perceived risks other than financial risks; such risks may include
lack of access to capital, liquidity constraints, split incentives, hassle factor, information search costs, and
behavioral failures.” The difference between a consumer’s implied discount rate and the market interest
rate is often referred to as the “efficiency gap.””

The Navigant team has developed a methodology for modeling the incremental effects of financing that
is based on adjusting the iDR to account for the likelihood that financing reduces market barriers. The
rationale for applying changes in the consumer iDRs when modeling adoption of energy efficiency
technologies with and without financing includes the following:

»  Consumers of energy efficiency exhibit behavior that is inconsistent when compared to
consumer decision making in financial investments unrelated to energy efficiency.

»  Payback data indicates that residential customers require a simple payback of less than 2 or 3
years, even for measures where savings persist for more than 20 years. A reasonable

77 Gillingham, Newell, and Palmer. 2009. “Energy Efficiency Economics and Policy,” Prepared for Resources for the
Future, p. 7.

78 Ibid.

7 Ibid.
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interpretation of this is that consumers are acting as though they have a high implied discount
rate in their decision making.

»  Empirical evidence suggests that consumers’ iDR ranges span from 20 to 100 percent.® Other
data indicates that residential consumers on average exhibit behavior that implies an iDRxr in
excess of 60 percent for the residential sector.

»  Research suggests that the efficiency gap (i.e., the discrepancy between the iDR and the market
rate) is due to market barriers facing the EE industry.!

The PG Model uses primary data collected through an ongoing study in the Midwest to calculate the
iDRs for each market sector. This data set represents the most current and comprehensive data set of this
type of which the Navigant team is aware; it includes survey responses from over 400 residential and
non-residential customers. The Navigant team explains adoption behavior without financing based on
these calculated iDRs in the presentation of potential without financing.

The Navigant team models the change resulting from reduced market barriers that result from financing
programs to calculate a new iDR when financing is introduced. The process evaluation of California’s
OBF program indicates that financing reduces (but does not completely eliminate) barriers related to
lack of upfront capital, effort required to find a lender to finance the energy efficiency measure, and
liquidity constraints.82 The Mid-Energy Efficiency Penetration scenario considers moderate reductions in
these barriers; Appendix F includes additional detail on the analytical methods used to determine those
reductions. Figure 3-15 illustrates how EE financing decreases iDR by reducing market barriers.

Figure 3-15. Reduction in iDR Resulting from Introduction of EE Financing

L Market ..
Barriers Remaining
Market
. - ]’ Barriers
Decision Decision
| maker time maker time
value of value of
money money
r = 1 T 1
Implied Discount Implied Discount
Rate (iDRyg) Rate with Financing (iDR;)

Source: Navigant team analysis, 2013.

% Jaffe, Newell, and Robert Stavins. 2004. “Economics of Energy Efficiency,” p. 87.

81 Gillingham, Newell, and Palmer. 2009. “Energy Efficiency Economics and Policy,” Prepared for Resources for the
Future, p. 7.

82 The Cadmus Group, Inc. 2012. “2010-2012 CA IOU On-Bill Financing Process Evaluation and Market Assessment.”
Prepared for CPUC.
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Research suggests that the discrepancy between the iDR and the market rate is due to market barriers
facing the EE industry. The difference demonstrates that these inefficiencies and market barriers are
reflected in a higher-than-expected average iDR. Specifying the contribution of the individual market
barriers that make up this difference can lead to an estimate of the impact that financing mechanisms
may have on reducing the implied discount rate.

The Navigant team estimated the change to the iDR by leveraging market research on EE financing
programs to establish reasonable market barrier reduction.

The iDR is an explanatory construct that is used to illustrate why customers would choose the efficient
technology over the base technology. It takes into account factors such as the magnitude and timing of
the costs and savings associated with the technology choices. Presuming that financing is available and
that its availability reduces some market barriers, consumers are likely to evaluate the decision to
purchase the efficient technology over the base technology as if they care more about the cash flows in
the future (i.e., as if they are applying a lower iDR). This mindset leads them to discount annual energy
costs and savings more than they otherwise would, absent the presence of financing. One might argue
that this is more rational behavior, or at least more consistent with the way that consumers act regarding
other financial decisions.
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CALCULATING SAVINGS FROM FINANCING

The following steps summarize the Navigant team’s approach to modeling the effects of EE financing on
market potential. A more detailed discussion of the calculations is provided in Appendix F.

Step 1. Calculate market adoption without EE financing
»  Calculate implied discount rates.

o The Navigant team calculated implied discount rates with no financing (iDRn) for each
customer segment® using payback curves® as a starting point. An illustration of the iDR
model fit to payback acceptance data is shown in Figure 3-16. The blue line represents
the payback acceptance data from the willingness survey, while the red line represents
the logit model result for the best-fit iDR values.

Figure 3-16. Illustration of Logit Model Fit Exercise to Determine iDR Values

Logit Fit to Payback Acceptance
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Willingess to Purchase Efficient Measure

Source: Navigant team analysis, 2013.

o iDRnr and the implied discount rate with financing (iDRF) are critical inputs to the
levelized measure cost approach, which the model uses to project long-term market
equilibrium without financing (Step 3 below) and with financing (Step 2 below).

»  The Navigant team calculated market adoption using the iDRnr, measure characteristics, eligible
population, rebates, word of mouth, advertising, and other inputs.

Step 2. Calculate market adoption with EE financing

8 The iDR is available for single family [SF], multifamily [MF], and non-residential [NR].

8 The Navigant team is using primary data collected through an ongoing study in the Midwest. This data set
represents the most current and comprehensive data set of this type of which the Navigant team is aware; it includes
survey responses from over 400 residential and non-residential customers.
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»  The Navigant team projected decreases in iDR resulting from the reduction of market barriers
due to EE financing; reducing iDR by this amount results in iDRr (Appendix F). Applying the
reduced iDR increases the weight that consumers apply to future energy savings, which leads to
a higher willingness to adopt efficient measures.

»  The PG Model is re-run with financing included; instead of discounting the future cash flows by
the iDRnr, the PG Model discounts them using the iDRr. The PG Model calculates adoption
using the resulting new levelized measure cost; all other calculations remain the same.

»  The PG Model can apply financing to individual measures and to whole-building measures.

»  The PG Model can estimate market adoption with (a) rebates only, (b) rebates and financing, and
(c) financing only.
Step 3. Calculate the incremental impact of EE financing

»  The difference in output in the two model runs — without financing (Step 2) and with financing
(Step 3) — determines the incremental impact of EE financing.

Step 4. Calculate the ratepayer funds needed for EE financing

» Itis anticipated that this step will come later in the portfolio planning process. Using
assumptions on leverage ratios, credit enhancement, and loan loss reserve strategies by sector,
estimate the ratepayer funds needed.

Step 5. Review cost-effectiveness of the EE portfolio with financing

» Itis anticipated that this step will come later in the portfolio planning process. The PG Model
does not make this cost-effectiveness calculation because the approach to making the calculation
has not yet been defined in the regulatory process.
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Figure 3-17 provides a more detailed summary of the Navigant team’s approach to modeling EE
financing.

Figure 3-17. Overview of Approach to Modeling EE Financing

‘ Step 1: Calculate Potential Market Adoption without Financing ‘

Key Inputs

Key Outputs##
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Levelized Cost
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Source: Navigant team analysis, 2013.

87
2013 Potential and Goals Study
Final Report.



NAVIGANT

CHANGES TO APPROACH TO MODELING FINANCING FROM THE 2011 POTENTIAL STUDY
Table 3-14 summarizes how the Navigant team adjusted the approach to modeling EE financing in
response to feedback from stakeholders during development of the 2011 Potential Study.s>

Table 3-14. EE Financing Methodology Adjustments

Feedback from Last Methodology Review Approach

Financing reduces the first-cost barrier. The potential model | ®  Proposing the levelized measure cost methodology.

should attempt to capture the market effect resulting from e Proposing to lower the consumer's implied discount rate
lowering upfront cost to reflect the reduction in market barrier due to the lack of

capital access.

Model should incorporate the flexibility to accommodate ; L ) i
different incentive scenarios. For example, combining or e Adding flexibility to the model to incorporate different
isolating rebate and financing programs incentive scenarios.

e  Financing programs reduce market barriers; the Navigant

team is proposing to lower the consumer’s implied
Discuss the modeling approach’s alignment with financing discount rate to reflect the effects of financing programs.
program design e Incorporating financing product characteristics (e.g.,
interest rates, loan terms, measure eligibility) proposed
by the IOU financing pilot programs into the model.

Source: Navigant team analysis, 2013.
3.3.2.5 10U Behavior Programs

Savings potential from behavior-based initiatives was included in the PG Model. For the purposes of this
study, the Navigant team defines behavior-based initiatives as those providing information about
energy use and conservation actions, rather than financial incentives, equipment, or services. These
initiatives use a variety of implementation strategies including mass media marketing, community-
based social marketing, phone calls, home visits, competitions, training, and feedback.%

Outcomes from behavior-based initiatives that result in energy savings can be broadly characterized as
equipment-based and usage-based:

» Equipment-based behavior — Purchase and installation of higher efficiency equipment, relative
to baseline conditions.’” Examples of equipment-based behavior include the replacement of
lights with higher efficiency lights, purchasing ENERGY STAR-qualified appliances, and
purchasing premium efficiency motors. In the PG Model, these savings are modeled implicitly at

8 Stakeholders commented on approaches that the Navigant team proposed to use to model the effects of financing
during development of the 2011 Potential Study. Due to changes in the focus of the 2011 Potential Study, the final
model and report did not include financing.

8 For further discussion, see Evaluation of Consumer Behavioral Research, Navigant (Summit Blue Consulting) for the
Northwest Energy Efficiency Alliance, April 6, 2010, page 4.

87 This could be either the early retirement of older equipment or the installation of high-efficiency equipment at the
natural time of installation or replacement.
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»

the equipment level as contributions to the percentages of the population that are aware of the
measure and that are willing to adopt this measure.

Equipment-based behavior can be sub-categorized as:

o Non-incented equipment-based behavior — The purchase of higher efficiency
equipment for which no incentives are provided.

o Incented equipment-based behavior — The purchase of higher efficiency equipment for
which incentives are provided. Also known as “channeling.”

Usage-based behavior — Changes in usage and maintenance of existing equipment. Examples of
usage-based behavior include turning off lights, unplugging electronics and chargers,
programming thermostats, and improving the efficiency of equipment through modified
maintenance practices. In the PG Model, these savings are modeled as an equipment-
independent module with savings unassociated with equipment improvement.

During the development of the 2013 potential model, Navigant conducted research to identify whether

updates to the 2011 PGT model for residential behavior were appropriate. Upon completion of this
research, Navigant recommended not updating the current residential behavior model for the following

reasons:

»

»

»

Participation levels are based on the existing CPUC policy directive. The model arrives at the
60 GWh market potential for behavior programs by assuming that behavior programs reach 5%
of residential households across the IOU service territories. This is consistent with current CPUC
policy directive for behavior programs. The model will use the 5% assumption as a placeholder
until additional information is available about the continuous cost-effectiveness of behavior
programs in California.

Consideration of behavior in overall market potential. Stakeholders have communicated a
broad range of opinions about the costs and effectiveness of behavioral initiatives. As such, the
team elected to apply a modeling method that best combines current policy directives with the
level of resource commitment for behavioral initiatives used by each IOU. Navigant did include
the actual residential behavior savings filed in the 2013-2014 Compliance Filing in the 2013 PGT
model calibration and therefore includes a reasonable level on market potential based on what
the IOUs and staff have agreed to for this portfolio cycle.

Persistence is assumed to be consistent while receiving report. The model assumes a one-year
persistence, consistent with a one-year “subscription” to the HERs. Studies have consistently
documented that savings continue as long as the participants continue to receive the HERs.
Limited information is available about what happens after the reports stop. In general, studies
that have been completed point to rapid savings decay after the intervention ends (e.g.,
continuation of savings for ~2 months after discontinuation of HERs in Connecticut Light &
Power territory).%

8 For further discussion, see Evaluation of the Year 1 CL&P Pilot Customer Behavior Program, NMR Group for the
Connectivue EE Board / Connecticut Light and Power, March 2013, page 26.
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»  The distribution of savings between behavior and equipment replacement is based on
available data. The model assumes that two-thirds (67%) of the savings reported by HER
program interventions result from behavior-based savings and that double-counting of joint
upstream and downstream savings represents roughly 5% of total savings from HER
programs.® The remaining 28% of savings that were not counted toward HER savings in the
model were due to adoption of equipment without incentives.

For these reasons, the overall modeling methodology, data sources, inputs, and assumptions for IOU
behavior programs in the PG Model are unchanged from the methodology used in the 2011 Potential
Study.

3.3.3  Crosscutting Issues

Several issues cut across many parts of the analysis in the 2013 Potential and Goals Study. These issues
affect the results of the study. This section describes how the Navigant team addressed the savings
accounting framework (Section 3.3.3.1) and market transformation in the context of the stage of market
adoption (Section 3.3.3.2).

3.3.3.1 Savings Accounting Framework

The PG Model applies a straightforward approach to accounting for energy savings from the three key
drivers (C&S-driven savings, rebate-driven savings, and Strategic Plan-driven savings). IOUs receive
credit for all of the savings driven by the Strategic Plan because (1) IOU programs are now aligned with
Strategic Plan and (2) IOUs are a key driver of the Strategic Plan goals covered in this study.

% The study team reduced reported home energy report savings by 4% for savings from upstream equipment-based
incentives and 1% for downstream equipment-based incentives (a total of 5%).

90
2013 Potential and Goals Study
Final Report.



‘Uodey [euld
Apmis seo9 pue [enusiod €102
16

"€10¢ “StsAipup wway JUvSIavN :22410§

ABojopoyaw uolenjeAs
$%0 ONdO Bunsixe Jad se pajeao|ly

%0

%0

ABojopoyiaw uonenjeAs
$%0 ONdD Bupsixe Jad se pajedolly

ABojopoyiaw uolenjeas
$%0 ONdO Bunsixe Jad se pajeao|ly

%001

%001

ABojopoyaw uolenjess
$%0 ONdO Bunsixe Jad se pajeao|ly

sbuiaeg bunjunoy uoneziuebiQ jo adA}

$%90 pue sNO| Usamaq sBuines sinquisip SafenU|
0) sisixa ABojopoujeLl papeA-ONdD PUE -19pjoysyels paje[oy-SB Ueld dBajens

1paio Buiniedal Apeslje sNO|

S0 pue sNO| usamiaq sbuines synqguisip

0} sisixa Abojopoyjew payeA-ONdD pue -1apjoysyels
ajeuoney

SIdATI(] Ad)] 931y ], woxy sGuraeg 103 Sunjunoddy 03 yoeorddy “¢1-¢ darqel

S9AUBOUI SaAljenIu| paseg-ainsesyy
10} 8|qiBije saunsesW Jo 8jpunq se pajepow uondopy

Arejunjop ueid o1bereng

sbuineg usAlQ-ueld 2ibsjens

sBuines usAL-e1eqey

sBulnes usAld-SD

Jaauq Kay

LNVDIAYN



NAVIGANT

3.3.3.2  Market Transformation: Variable Incentives

The PG Model provides the capability to consider differential incentive levels according to the stage of
technology maturity.® The Navigant team uses level of market saturation for individual technologies as
the proxy for technology maturity because this data is already available and vetted. This set of scenarios
provides the ability to test the hypothesis that providing higher incentives earlier in the market adoption
cycle leads to faster market uptake.

The variable percent incentive structure departs from current rebate structures. Current rebate structures
tend to give a fixed incentive as a percent (approximately 50 percent) of the incremental cost of an
energy efficient measure. When modeling this fixed incentive level over time, the incentive percent level
is assumed constant through 2024 (though the actual dollar amount of the incentive could change if
equipment costs change). Under the variable incentive structure, the percent incentive level is tied to the
technology maturity and can change as a technology becomes more mature.

The reasoning behind offering different incentive levels for different levels of technology maturity is as
follows:

»  ETs can save significant amounts of energy but can be expensive. Often in early years, ETs have
limited market uptake due to high costs, which can slow their ultimate market adoption. As ETs
mature, their cost can come down and they can contribute a larger portion of savings to the
market. Providing a higher level of incentives than usual for ETs can “kick-start” the market for
ETs, decrease their high initial costs, and increase adoption in early years. As these measures
become more common in the market and their costs decline, rebate levels can be reduced

»  Mature technologies, on the other hand, are already prevalent in the market and may soon be
subsumed by appliance standards. These technologies may offer only minor savings as laggard
customers eventually adopt these technologies. Incentives for these technologies could be set
lower than average as there is significant market awareness of the technologies already.

To implement this variable incentive approach, the Navigant team structures incentives as illustrated in
Table 3-16. Table 3-16 also provides a comparison to a fixed incentive structure.

Table 3-16. Variable Incentive Structure

Nascent Low Maturity Mid-Maturity High Maturity

Technology Stage | Technology Technology ~ Technology Technology
Market Saturation 0-5% 5-25% 25-75% 75%-100%

Incentive Level (Variable . . . .
Structure) ‘ 100% ‘ 90% 75% 50%
Incentive Level (Existing . . . .
Fixed Structure) 50% ‘ 50% 50% 50%

Source: Navigant team analysis, August 2013.

% The default assumption in the Mid-Energy Efficiency Penetration scenario is that the rebate covers 50 percent of a
measure’s incremental cost.
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This incentive structure is not new to the California energy landscape. A similar variable incentive
structure has been implemented through the California Solar Initiative, which offered high rebates when
the program launched with an explicit plan to gradually reduce incentive levels as the market saturation
of solar increased in California.

3.3.4 IOU Market Scenario Analysis

The PG model can run numerous scenarios; however, the default scenario presented in this report is
based on population, consumption, and economic inputs defined in the mid-case of the California
Energy Commission's 2012 IEPR. For IOU market potential, the Navigant team developed two alternate
scenarios to estimate potential in the PG Model: The High Energy Efficiency Penetration and the Low
Energy Efficiency Penetration scenarios.?' These scenarios present a range of possible results based on
the population, consumption, and economic inputs defined in the high and low energy demand
forecasts in the 2012 IEPR, and also different assumptions for a set of variables that either have
uncertainty associated with them or that the CPUC can influence through policy making. Figure 3-17
includes a description of the variables for which the assumed values change during scenario analysis.

Table 3-17. Definition of Variables Used in Scenario Analysis

Scenario Element

The incentive level refers to the percent of incremental cost that is covered by IOU
program rebates.

The incremental costs for efficient technologies are from DEER 2008. Due to their
Measures Cost Adjustment vintage, the multiplier varies incremental costs across all technologies to account for
changes over time.

The implied discount rate is the effective discount rate that consumers apply when
Implied Discount Rate making a purchase decision; it is the amount the customer is willing to pay for an EE
investment, given all factors in the consumer’s decision.

Incentive Level

M ET I, S Ef The ME&O effect moves customers from the unaware group to the aware group.

Outreach Effect

TRC Threshold The TRC threshold element varies the cost-benefit threshold that general measures
must meet.

Avoided Costs The avoided costs are the monetary benefit of energy and demand savings for a

specific EE measure.

Measure densities refer to the baseline and efficient measure densities. By modifying
Measure Density Adjustment one of these for a given measure, the other is automatically updated in order to ensure
that the sum of baseline and efficient measure densities is one.

UES are less certain for ETs. The multiplier allows the user to examine the effects of
varying the calculated UES for ETs.

Retail Price Forecast The retail rates are the projected energy rates to the ratepayer.

Measure UES Adjustment

%1 For a discussion of the scenarios developed for the 2013 IEPR demand forecast see page 76.
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Scenario Element

Word-of-Mouth Effect

Building Stock Forecast

ET TRC Threshold

C&S Policy View

The word-of-mouth effect represents the influence of adopters (or other aware end
users) on the unaware population by informing them of efficient technologies and their
attributes.

The building stocks forecast is based on the expected development of each sector.

The ET TRC Threshold varies the cost-benefit threshold that emerging technology
measures must meet.

The C&S Policy View refers to the types of C&S included in each scenario (On-the-
books, Expected, or Possible Initiatives)

Note: The PG Model allows the user to adjust the value of any one or all of these user inputs.

The values used for each of these

scenario elements in each scenario can be found in Section 3.

Source: Navigant team analysis, 2013.

Figure 3-18 illustrates how the PG Model captures these scenario elements on the user interface. Users
can automatically set the values for all scenario elements to those established in the low and high
scenarios by using the “Set Study Scenario” drop-down menu. Alternatively, users can adjust scenario
elements individually by using the drop-down menus for each element.
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Figure 3-18. Model Interface and User Inputs

California 2013 California Energy Efficiency

Public Utilitiesgeg Potential & Goals Study N /\V IGANT

Commission

Version 2.0 Model Details

Basic Inputs Advanced Scenario Inputs

Model Settings Economic Inputs Programmatic Inputs

Service Territary Retail Price Forecast TRC Threshold

Select Building Type Edit Table Building Stock Forecast ’ ET TRC Threshold
Met or Gross Savings G Avoided Costs Incentive Level

Interactive Effects Folicy View

Set Study Scenario Measure-level Inputs Financing Inputs

Measure UES Adjustment Best Esti... Financing

SRy Scenaiio LIDEELETEIEND Measure Cost Adjustment Best Esti... . Loan Interest Rates

Measure Density Adjustm... Best Esti... ¥ ’ Leverage Ratio

Measure 10U Annual Savings {excludes CES)

Measure Classification 10U Cumulative Savings {excludes C&S)

10U Annual Savings by End Use

hl
Total Annual Savings (Aggregate) - riid

Applied Building Stock by Sector (see description) 3
Retail Rates (% per unit energy)|

Avaided Costs Mominal (§ per unit savings) Technical Potential Savings

Econamic Potential Savings

HESCHONG
MAHONE
GROUP

Source: PG model release February 2014

The Mid-Energy Efficiency Penetration scenario is intended to reflect the potential under business-as-
usual circumstances. The incentive level, TRC threshold, avoided costs, measure-level data, and other
variables use data that are consistent with current policies and program designs and widely accepted
data sources. The Low and High Energy Efficiency Penetration scenarios adjust the inputs to reflect
potential in the event that those underlying assumptions change. Figure 3-19 captures the results of these
three IOU market scenario analyses for all sectors and all electricity IOUs. Table 3-18 summarizes the
combination of user input values selected for each market potential scenario.
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Figure 3-19. Results of the IOU Market Scenario Analysis?
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Source: PG model release February 2014

In the case of the High Energy Efficiency Penetration scenario, the values for the variables are adjusted to
consider a more optimistic future, one in which incentive levels and avoided costs are higher and the
financial attractiveness of measures is better (in addition to other changes). The Low Energy Efficiency
Penetration scenario includes assumptions that make investment in energy efficiency less favorable. The

High Energy Efficiency Penetration scenario represents approximately a 25 percent increase

in

cumulative market potential by 2024 relative to the Mid-Energy Efficiency Penetration scenario. The Low
Energy Efficiency Penetration scenario represents roughly a 25 percent decrease in cumulative market
potential relative to the Mid-Energy Efficiency Penetration scenario for that same time frame.

92 Source: PG Model released in August 2013. This chart shows the High, Mid, and Low scenarios for the cumulative
market potential; technical and economic potential are also adjusted in the High and Low scenarios, but those

adjustments are omitted from this graph for simplicity.
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NAVIGANT

The range of market potential from the scenarios presented in Figure 3-19 is the result of the influence of
a number of drivers and Figure 3-20 shows the relative importance of these drivers. This “tornado chart”
was developed by varying one input assumption at a time, leaving the values of all other variables
consistent with those in the Mid-Energy Efficiency Penetration scenario. The x-axis in the tornado chart
shows the percent change in cumulative market potential in a specific year caused by changing the value
of that single variable from the Mid to the High scenario (in red) or the Mid to the Low scenario (in
purple). The variables with the bigger bars have a more significant impact on the results of the analysis.
The model shows that two types of variables have significant effects on the potential for energy
efficiency:

1. Technical inputs. There is some uncertainty in some technical inputs (e.g., incremental cost,
avoided costs, and measure density).” The Navigant team used well-vetted sources (e.g., DEER
2008 and 2011, Commercial End Use Study, and Residential Appliance Saturation Study) to
determine appropriate values for these, but future values may not align with these historical
values. The accuracy of these inputs is out of the control of policy makers, except to the extent
that policy makers dedicate additional resources to studies that improve the accuracy of these
values.

2. Policy variables. Policy makers can affect the value of other variables (e.g., TRC threshold,
incentive level). Figure 3-20 shows the model’s sensitivity to these inputs to represent the areas
in which policy makers can have the most impact on outcomes. The two policy variables that
have the most impact on results are as follows:

a. Incentive level. The Low Energy Efficiency Penetration scenario includes an incentive
for 25% of incremental cost for all measures. The High Energy Efficiency Penetration
scenario considers an incentive structure in which the incentives vary by stage of market
adoption. For example, rebates for measures with up to 5% saturation are at 100% of
incremental cost; for measures with 5% to 25% saturation are at 90% of incremental cost;
for measures with 25% to 75% saturation are at 75% of incremental cost; for measures
with more than 75% saturation are at 50%.

b. TRC threshold. The Low Energy Efficiency Penetration scenario assumes a TRC
threshold of 0.75, compared to 0.85 in the Mid-Energy Efficiency Penetration scenario
and 1.0 in the High Energy Efficiency Penetration scenario. All non-emerging
technology measures must pass this threshold in order to be eligible for adoption.

% Historically, DEER updates have focused more resources on energy savings calculations than on incremental
costs; consequently, the incremental cost data may be outdated. Avoided costs may change as the key inputs change.
The studies that provide measure density data are dated; for example, the Commercial End-Use Survey was
released more than seven years ago.
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Figure 3-20. Tornado Chart Showing Model Sensitivities to Changes in Key Variables
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Note: This chart shows results for the Commercial sector; results in the Residential sector are similar.
Source: PG model release February 2014

The values provided in the high and low scenarios provide a reasonable range of cumulative energy
efficiency potential; however, the likelihood that the inputs that define the high and low scenario would
align over the ten-year forecast horizon is doubtful. As such, the Navigant team recommends that the
values from the mid scenario be considered as the basis for the IOU services territory goals for the
portfolio beginning in 2015. Table ES-3 provides the mid-case model outputs for annual, life-cycle, and
active cumulative market potential. The Navigant team considers these estimates a viable baseline target
for energy efficiency to which program planners, load forecasters, system planners, and resource
procurement specialists could agree. This is not, however, intended to define the upper bound on the
total amount of energy efficiency that can be achieved during upcoming portfolio cycles. As noted in the
discussion on the objectives for this study, that will be determined as the market for innovative products
and services continues to evolve.

3.3.5  Forecast Scenarios of Additional Achievable Energy Efficiency

In addition to the IOU market potential scenarios discussed in section 3.3.4, additional scenarios were

produced during the third quarter of 2013 to support the 2013 IEPR update process. For these scenarios,
referred to as Additional Achievable Energy Efficiency (AAEE) scenarios*, the CPUC, California Energy
Commission (CEC), and the California Independent System Operator (CAISO) collaborated® to develop

% In previous CEC forecasting efforts, these savings had been referred to as incremental uncommitted savings
% The collaboration occurred through the Joint Agency Steering Committee is composed of managerial
representatives from the Energy Commission, the California Independent System Operator, and the California
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an estimate of the energy efficiency savings forecast that could be realized through utility programs that
are incremental to the savings already incorporated in the Enerqy Commission’s current forecast®s. This effort

involved estimating the portion of savings from the 2013 Potential Study not accounted for in the
baseline forecast. These AAEE estimates form the basis for the energy efficiency potential scenarios to be
included in the 2013 IEPR update. The five AAEE scenarios were defined to account for two types of
uncertainty:

1. Inputs from the 2012 IEPR demand forecast: specifically, building stock growth rate, retail electricity
rates, and avoided cost variables. These same variables are inputs to the IEPR base forecast;

2. Key variable input assumptions: specifically, variables related to emerging technologies, code
compliance, Title 24 code adoption dates, incremental measure cost, implied discount rate,
marketing effect, cost-effectiveness (“Total Resource Cost”) threshold, unit energy savings, word of
mouth effect, and other variables. (See Section IV below for descriptions of each of these variables.)

Because the AAEE scenarios are intended to inform the 2013 IEPR demand forecast, they require a set of
input assumptions and model output configuration that are different from the modeling assumptions
used to estimate energy efficiency market potential for IOU activity discussed in section 3.3.5.
Specifically, the AAEE forecasts differ from forecasts of IOU market potential in two important ways;

1. The AAEE scenarios used in the IEPR forecast are based on net”” values for measure savings.
The demand forecast requires that net savings be forecast because naturally occurring savings
(including free-riders) are expected to be embedded in the forecast. The IOU market potential
forecasts in the PGT report, including the scenarios presented in section ES.3, are based on gross
measure savings estimates.

2. The C&S savings estimates in the AAEE scenarios include all C&S savings in an IOU territory?%,
not just the savings attributable to IOU C&S advocacy. The C&S savings estimated in the PGT
report for IOU market potential are focused on savings potential that result from IOU code
advocacy, and are a much smaller value than the IEPR C&S potential savings estimates.

Table 3-19 presents a summary of the model inputs for the five AAEE scenarios, and Figure 3-21, Figure
3-22, and Figure 3-23 present the initial AAEE forecasts for cumulative net energy (GWh and MMThm)
and demand (MW) potential. A description of the technical details and a discussion of the stakeholder
process used to develop and vet these scenarios, can be found in Appendix M, Estimates of Additional
Achievable Energy Savings® and Appendix N, Background and Detail on Additional Achievable Energy
Efficiency Scenarios. Appendix O provides additional data supporting these graphs. The final AAEE
scenarios are determined the CEC and may vary from the values provided this report, and so the AAEE
graphs below should be considered illustrative.

Public Utilities Commission and is committed to improving coordination and process alignment across state
planning processes that use the Energy Commission’s demand forecast.

% the California Energy Demand 2014-2024 Revised Forecast (CED 2013 Revised)

7 Net of free riders

% Less naturally occurring market addition (NOMAD) estimates.

 Estimates of Additional Achievable Energy Savings. Supplement to California Energy Demand 2014-2024 Revised
Forecast. Draft Staff Report. California Energy Commission, September 2013. CEC-200-2013-005-SD
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NAVIGANT

Figure 3-21. Proposed Scenarios for Additional Achievable Energy Efficiency for the 2013 IEPR
Forecast, Cumulative GWh
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Figure 3-22. Proposed Scenarios for Additional Achievable Energy Efficiency for the 2013 IEPR
Forecast, Cumulative MW

10,000

9,000

8,000 /
=4—Scenario 1 (low) /
7,000 /

== Scenario 2 (low mid)

“fe=Scenario 3 (mid)
6,000
=>e=Scenario 4 (high mid)
=#=Scenario 5 (high)
5,000 /‘/‘//A
4,000 / /
3,000 [/
2,000 /
1,000 j.,

Source: PG model release October 2013, AAEE model output configuration

Mw

2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

102
2013 Potential and Goals Study
Final Report.



NAVIGANT

Figure 3-23. Proposed Scenarios for Additional Achievable Energy Efficiency for the 2013 IEPR
Forecast, Cumulative MMThm
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4 Methodology for the Agriculture, Industrial, Mining, and Street-Lighting

Sectors

This section describes the Navigant team’s methodology to develop inputs for the PG Model for the
AIMS sectors. These sectors were added to the scope of the 2011 Potential Study to more thoroughly
model energy efficiency savings potential in California. Collectively, the AIMS sectors represent
approximately 20 percent of electric consumption and 30 percent of natural gas consumption in the four
IOU service territories.® Table 4-1 shows the breakout for each.

Table 4-1. Percent of Energy Consumed Statewide by Sector

Street
__Agriculture Industrial Mining Lighting Total
Electric 5% 13% 2% 1% 21%
Gas 1% | 2w | 2% 0% 30%

Source: Navigant team analysis of the California Energy Consumption Data Management
System (ecdms.energy.ca.gov/).

Programs tailored to the AIMS sectors differ from their residential and commercial counterparts. Similar
to residential and commercial programs, AIMS programs are designed to provide energy/demand
savings primarily through changes in equipment (i.e., retrofit and/or replace on burnout). However,
AIMS sector programs (with the exception of street lighting) tend to be comprised primarily of custom
measures because the diversity of industries within these sectors, and the diversity of establishments
within each industry, make prescriptive offerings difficult. For this reason, standardized data on
measures and markets are less available for the AIMS sectors than for the residential and commercial
sectors, and the Navigant team had to develop custom approaches to analyzing potential in each of these
sectors based on available data.

Each of the four AIMS sectors required a slightly different approach to modeling savings potential. The
industrial and agricultural sectors used a supply curve approach to calculating savings potential while
the mining and street-lighting sectors used the same bottom-up methodology for calculating adoption
and energy savings potential as the residential and commercial sectors (described in Section 3.1). These
approaches reflected the disparate information available for each sector:

»  Section 4.1 describes the approach for the industrial sector. The Navigant team used DOE'’s
Industrial Assessment Center (IAC) database to identify potential and develop energy efficiency
supply curves for each end use in each subsector.

»  Section 4.1 describes the approach for the agricultural sector. The Navigant team used IOU work
papers, statewide inventories of agricultural establishments, and data from similar industrial
facilities (e.g., food processing) to develop energy efficiency supply curves. The Navigant team
then used expert interviews to corroborate and refine these findings.

100http://ecdms.energy.ca.gov/.
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»  Section 4.3 describes the approach for the mining sector. The Navigant team used numerous
secondary sources, including a statewide inventory of oil and gas extraction activity, to estimate
potential. The Navigant team also interviewed a program implementer to further inform this
estimate.

»  Section 4.4 describes the approach for the street-lighting sector. The Navigant team used IOU-
provided inventories of street-lighting equipment in their territories to characterize the existing
market, and several secondary sources to characterize the measures applicable to these end uses.

4.1  Approach to the Industrial Sector

The industrial sector accounts for 13 percent of electricity consumption and 30 percent of natural gas
consumption across all four IOU service territories.!” The Navigant team divided energy consumption
in the industrial sector into 15 subsectors and 7 end uses, summarized in Table 4-3 and Table 4-4. To
develop the subsector categorization, the Navigant team used the CEC’s definition of industrial
segments as a starting point.'® The 25 segments identified by the CEC correspond to different North
American Industrial Classification System (NAICS) codes and together encompass all industrial energy
consumption in California. For the purposes of this potential study, the Navigant team compressed the
list of 25 segments into 15 by combining similar industries. For example, the Navigant team combined
the “Food Processing” and “Food and Beverage” industries into the single category “Food.” Table 4-2
shows the final list of industrial segments (or subsectors), along with the segments’ distribution of
statewide energy consumption in 2010.

101 Based on Quarterly Fuel and Energy Reports (QFER) submitted by California utilities and compiled by the
California Energy Commission (CEC). Available online at http://ecdms.energy.ca.gov/.

102 California Energy Commission. 2005. Energy Demand Forecast Methods Report. Accessed at
http://www.energy.ca.gov/2005publications/CEC-400-2005-036/CEC-400-2005-036.PDF.
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Table 4-2. Industrial Sector Statewide Electric and Gas Consumption by Subsector (%), 2010

Percent of Statewide Percent of Statewide
Industrial Electricity Industrial Gas
NAICS Code(s) Consumption Consumption

Petroleum 324 19% 53%
Food 311, 312 18% 19%
Electronics 334, 335 16% 2%
Stone-Glass-Clay 327 7% 5%
Chemicals 325 9% 8%
Plastics 326 6% 1%
Fabricated Metals 332 5% 3%
Primary Metals 331 2% 3%
Industrial Machinery 333 3% 1%
Transportation Equipment 336 4% 2%
Paper 322 4% 2%
Printing & Publishing 323,511,516 3% 0%
Textiles 313, 314, 315, 316 1% 1%
Lumber & Furniture 337, 321, 1133 2% 0%
All Other Industrial 339 2% 1%
Total 100% 100%

Source: Navigant team analysis of CEC-provided statewide energy consumption data for 2010.

The Navigant team used the industrial end-use categories defined in DOE’s Manufacturing Energy
Consumption Survey (MECS) for this analysis,'® and applied the data from the MECS to estimate the
proportions of energy use in each end use for each subsector. Table 4-3 states the portion of industrial
sector electricity consumption for each end use in each subsector. Table 4-4 states these proportions for
natural gas consumption.

103 U.S. Energy Information Administration (EIA) Manufacturing Energy Consumption Survey (MECS). 2006 Energy
Consumption by Manufacturers —Data Tables. Accessed at
http://www.eia.gov/emeu/mecs/mecs2006/2006tables.html.
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Table 4-4. Distribution of Total Industrial Sector Natural Gas Consumption by End Use and

Subsector
m Conventional Process

Boiler Use Heating HVAC Other TOTAL
Petroleum 7.5% 31.4% 0.5% 13.5% 53.0%
Food 11.1% 5.3% 0.9% 1.6% 18.9%
Electronics 0.7% 0.2% 0.6% 0.2% 1.7%
Stone-Glass-Clay 0.1% 4.7% 0.2% 0.3% 5.2%
Chemicals 2.1% 2.2% 0.1% 3.3% 7.8%
Plastics 0.3% 0.2% 0.1% 0.1% 0.7%
Fabricated Metals 0.4% 1.7% 0.